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ABSTRACT 


Performance  tables  are  presented  which  were  ob¬ 
tained  by  plotting  data  from  machine  calculations  and 
interpolating  to  obtain  vacuum  specific  impulses  for 
integral  values  of  the  area  ratio.  The  values  are  con¬ 
venient  reference  points  for  the  calculation  of  inter¬ 
polated  values  of  the  specific  impulse  for  any  given 
area  ratio.  Tables  of  gas  compositions  and  perfor¬ 
mances  are  also  included  in  this  handbook. 
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INTRODUCTION 


The  performance  tables  in,  this  manual  were  developed  to  meet  the  needs 
of  engineers  and  systems  analysts  who  frequently  need  to  know  the  potential 
performance  of  a  rocket  engine  with  a  specific  area  ratio  and  operating  in  a 
given  ambient  pressure. 

The  usual  machine -calculated  values  for  performance  are  obtained  by  fix¬ 
ing  the  pressure  ratio  and  calculating  the  corresponding  area  ratio  and  specific 
impulse  for  expansion  into  a  vacuum.  The  accompanying  tables  were  obtained 
by  carefully  plotting  data  from  machine  calculations  and  interpolating  to  obtain 
vacuum  specific  impulses  for  integral  values  of  the  area  ratio.  These  area 
ratio  values  thus  become  convenient  reference  points  for  the  calculation  of  in¬ 
terpolated  values  of  the  specific  impulse  for  any  given  area  ratio. 

As  indicated  in  the  theoretical  discussion,  the  calculations  involve  simple 
arithmetic  and  can  be  made  in  a  very  short  time. 

It  should  be  emphasized  that  (vacuum  specific  impulse),  as  defined 
herein,  is  the  theoretical  impulse  obtained  for  a  motor  with  a  given  area  ratio 
operating  in  a  vacuum.  The  vacuum  specific  impulse  is  not  the  theoretical 
maximum  specific  impulse  (corresponding  to  an  infinite  area  ratio)  for  expan¬ 
sion  into  a  vacuum. 

All  propellants  are  considered  to  be  liquids  at  either  ambient  temperature 
or  their  boiling  point,  whichever  is  lower. 

When  interpolating  for  chamber  pressures,  it  is  useful  to  note  that  is 
approximately  proportional  to  log  P^. 

Linear  interpolation  for  is  unsatisfactory  for  small  values  of  (  since 
the  curve  is  definitely  nonlinear  in  this  region,  and  calculated  values  will  be 
from  one  to  two  seconds  too  low.  If  greater  accuracy  is  required,  a  few  points 
should  be  plotted  and  the  appropriate  value  of  obtained  from  the  curve. 


NOMENCLATURE 


A  s  area  at  exit  (sq  in.  ) 

A^  =  area  at  throat  (sq  in.  ) 

c  -  effective  exhaust  velocity  (ft/ sec) 

c*  =  characteristic  velocity  (ft/ sec) 

C£  =  nozzle  coefficient 

Cy  =  vacuum  nozzle  coefficient 

^  =  area  ratio  =  A  /A. 

e  t 

F  =  thrust  (lb) 

g  =  acceleration  of  gravity  (32.  2  ft/  sec^) 

Al  =  I  -  I 

V  a 

=  specific  impulse  (sec) 

I  =  vacuum  specific  impulse  (specific  impulse  for  operation  in  a  vacuum) 

i.  e.  ,  when  P  =  0 
a 

P  =  ambient  pressure  (lb/ sq  in.  ) 

ct 

P^  =  chamber  pressure  (Ib/sqin.  ) 

P^  =  pressure  at  exit  (Ib/sq  in.  ) 

r  =  mixture  ratio  =  weight  oxidizer/ weight  fuel 
v^  =  true  velocity  of  efflux  (ft/  sec) 

w  =  weight  flow  rate  (lb/  sec) 


DIRECTIONS  FOR  THE  USE  OF 
PERFORMANCE  TABLES 


If  t  and  P 

a 


1. 


2. 


are  given,  and  I^  is  desired; 

Determine  I^  and  -^p-  •  from  the  table  or  by  interpolation 

Calculate  Al  =  <  P  x 

a  <  P 

a 


3.  Then,  I  =  I  -  AI 

B  V 

4.  For  the  optimum  value  of  I^  at  a  given  P^,  locate  the  value  of  P^ 
corresponding  to  the  given  P^  and  also  determine  from  the  table 
the  corresponding  value  of  f  .  Using  the  value  of  P  =  P"  and  the 

0  SL 

corresponding  value  of  f  ,  determine  the  value  of  I  as  above.  The 

s 

value  so  obtained  is  a  maximum  for  the  given  value  of  P^. 

Values  of  P^  may  be  readily  interpolated  since  log  P^/P^  is  pro¬ 
portional  to  log  t  . 

5.  The  method  of  calculation  of  c*,  c,  C,,  C  ,  and  v  is  shown  in  the 

f  v  e 

sample  calculation  which  follows  the  discussion  of  the  theory. 


THEORY 


The  basic  equation  for  rocket  thrust  is 

4fv 


F  »  — S.  +  (p  -  p  )  A 
g  '  e  a'  e 


(1) 


Newton's  second  law  requires  that 


F  = 


g 


(2) 


Specific  impulse  is  defined  as  pounds  of  thrust  per  pound 
per  second  of  propellant  consumption.  Therefore, 


w 


(3) 


Combining  (1),  (2),  and  (3)  we  obtain 


_  V  (P  -  P  )  A 
j  _c _ i  ^  ®  a  e 


8  g 


w 


g 


(4) 


Letting  P^  =  0,  we  obtain 


V  PA 
e 

'v  g 


I  =  -S.  f  _® — ®_ 


(5) 


NOTE:  Maximum  I  for  a  given  value  of  P  is  obtained  when 

8  2L 

P  =  P 
e  a 


Subtracting  (5)  from  (4) 


I  =  I 

8  V 


P  A 
a  e 


(6) 


By  definition. 


c*  = 


4/ 


Solving  (7)  for  4/  and  substituting  in  (6),  we  obtain 


A  P  * 
.  ,  e  a  c* 

=  >v  ■  •  p;  •  T 


But 


e 


r —  (definition) 
^t 


(7) 


(8) 


(9) 


Substituting  (9)  in  (8) 


f  P  c* 


(10) 


Let 


Al  = 


I 

V 


I 

s 


fP  c* 
a 

P  g 

c® 


(11) 


or 


(12) 


Equation  (12)  is  used  to  calculate  the  values 


shown  in  the  tables. 


I  =  I  -  AI 

s  V 


Then 


or 


\-K-  'Pa  '#-> 

2L 

Since  t  and  are  known  and  —  ia  given  in  the  table,  the  calculation 
of  is  eimple. 


(13) 


To  Find  c*,  c,  C^,  and 


Solving  (11)  for  c*  we  obtain 


c* 


(AL 

'  f  P 


P  g 

c** 


(14) 


Since  the  value  of  is  given  in  the  table,  c*  is  readily  obtained 

by  the  use  of  Equation  (14). 

From  Equation  (4), 

c  =  I  •  g  (15) 

By  definition. 


Cf  = 


P  A, 
c  t 


Combining  Equations  (3),  (7),  and  (16)  we  obtain 


1  g 

_  ^ _  _  s'* 

'^f  ""  c*  “  c* 


(16) 


(17) 


Thereforci 


Combining  (i7)  and  (18) 


C 


V 


(18) 


(19) 


From  Equation  (6) 


I  -  I  = 

V  6 


P  A 

^  ^  =  M 


w 


(20) 


From  Equations  (5)  and  (6) 


V  A 

e  =  I  .  (p^  .  p  ) 

w 


(21) 


From  Equation  (20) 


^  =  4i 


(22) 


Substituting  (22)  in  (21) 


V  =  g 

e  * 


Al 


1  -  4^ .  (p  -  p  ) 

8  P  '  e  a' 
a 


(23) 


Since  is  given  in  the  tables,  it  is  more  convenient  to  rearrange  Equation 


(23)  as  follows: 


V 

e 


/  Al 


g 


(24) 


c 


Using  Equation  (24)  and  the  data  obtained  in  the  examplei  we  obtain 
V,  s  32.2  395.7  -  20  x  2.  189  (0.52  -  0.20) 

O 

B  12,  291  ft/  sec 

Note  that  the  value  of  c.  the  effective  exhaust  velocity,  was  12.  742  ft/sec. 


i 


EXAMPLE 


Given  c  =  20  and 


From  table, 


From  table, 


By  Equation  (13), 


Also 

By  Equation  (14), 


By  Equation  (15), 


By  Equation  (17), 


r  =  2.00 

P  -  0.20  and  P  =  100 
a  c 


I  =  404. 5  sec 

V 


Al 

fP 

a 


2.  189 


I  =  404. 5  -  20  X  0.  20  X  2.  189 
s 

=  395. 7  sec 


c*  =  2.  189  X  100  X  32.  2  =  7049  ft/ sec 


c  =  395.7  X  32.  2  =  12,  742  ft/ sec 


12,  742 
7049 


1.808 


By  Equation  (I9)i 


C  -  1.808  X 

V 

=  1.848 

To  Obtain  Maximum  Ig  for  Pa  =  0. 20 

Set  P  =  P  =  0.20 
e  a 

From  table,  corresponding  value  of  <  Is  40 
Calculate  Ig  as  above;  1.  e., 


404.5 

395.7 


I  =  418. 0  sec 

V 

I  =  418  -  40  X  0.20  X  2.  189 
s 


a  400. 5  sec 


This  value  might  also  have  been  obtained  by  plotting  calculated  values  of  Ig 
(for  Pa  =  0.  20)  as  a  function  of  €.  At  the  maximum  value  of  Is,  the  correspond 
ing  <  is  optimum  and  Pg  must  equal  Pa* 


For  example, 

for  Pa  = 

0.  20  psia  and  r  =  2,  00 

M 

b. 

Is 

10 

4.4 

386.7 

382.  3 

15 

6.6 

397.4 

390.  8 

20 

8.8 

404.  5 

395.  7 

25 

10.9 

409.2 

398.  3 

30 

13.  1 

412.8 

399.  7 

40 

17.5 

418.0 

400.  5  (max) 

50 

21.9 

421.5 

399.6 

As  determined  previously,  the  value  of  I3  is  optimum  at  <  =  40  and  is 
400. 5  sec. 

It  is  of  theoretical  interest  to  calculate  the  value  of  Vg  in  order  to  com 
pare  Vg  with  c,  which  is  the  effective  exhaust  velocity. 


PERFORMANCE  OXYGEN  AND  N2O4  SYSTEMS 


RP-1  -  Oxygen 
Shifting  Equilibrium 
=  300 
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RP-1  -  Liquid  Oxygen. 
Shifting  Equilibrium 
=  1000 
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Hydrazine -UDMH  (50/50)  -  Liquid  Oxygen 
Shifting  Equilibrium 
Pc  =  1000 
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Liquid  Ammonia  -  Liquid  Oxygen 
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UDMH- Hydrazine  (50 /50)-Nitrogen  Tetroxide 
Shifting  Equilibrium 


GAS  COMPOSITION  O/YGEN  AND  N2O4  SYSTEMS 


CALCULATION  OF  SPECTRAL  EMISSIVITIES  OF  GASES 


For  the  purpose  of  designing  detection  systems  capable  of  identifying  and 
tracking  missiles  during  the  launch  phase  by  means  of  infrared  radiation,  it  is 
essential  to  be  able  to  make  reasonable  estimates  of  the  energy  radiated  by  the 
missile  exhaust  in  the  sensitive  wavelength  region  of  the  detector.  One  of  the 
most  important  factors  in  a  theoretical  calculation  of  this  quantity  is  the 
spectral  emissivity  of  the  chemical  components  present  in  the  exhaust.  Experi¬ 
mental  determination  of  the  spectral  emissivity  is  quite  difficult  because  of 
the  elevated  temperatures  of  the  gases  comprising  the  exhaust,  slit  width 
corrections,  and  the  problem  of  making  absolute  intensity  measurements. 
Theoretical  calculations  of  the  type  performed  by  Stull  and  Plass  (Ref.  1)  for 
diatomic  molecules  are  extremely  complex  and  require  extensive  machine 
calculations  for  a  complete  treatment.  In  addition,  these  quantum  mechanical 
calculations  require  a  knowledge  of  the  shapes  of  individual  rotational  lines, 
parameters  which  can  be  determined  only  by  experiments  of  the  same  type  used 
to  measure  spectral  emissivities  (Ref.  2). 

A  method  of  calculation  proposed  by  Golden  is  based  on  a  calculation  by 
Penner,  Sulzmann,  and  Ludwig  and  gives  good  estimates  of  radiation  more 
simply  than  by  the  Plass  method. 

Golden  has  treated  only  the  HF  and  HCl  molecules  in  his  paper,  which 
leaves  the  task  of  applying  a  suitable  and  simple  approximate  calculation  to 
other  molecules  that  are  present  in  the  combustion  equilibrium  of  typical  pro¬ 
pellants.  This  is  particularly  important  for  H2O  and  CO2  which  are  fcrmed 
from  many  propellant  combinations. 

The  detailed  compositions  which  follow  in  this  report  can  be  used  in  final 
radiation  calculations  for  a  given  system  and  also  provide  a  survey  of  important 
combustion  species  to  be  considered  in  future  calculations.  * 
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0.  83 


0.  03 


0,  21 


0.  03 


0.  01 


33.95 

TOT 


4.  0723 


100.  01 


.i^P- 1 


LOX 


.(psia) 

.(°K) 


0 . 37 


e. 

c 

I 

sp- 


1715 


.(psia) 

°K 


39.  67 


335.  6 


.sec  optimum 


mol/  lOOg 
1. 5031 
0.  5066 
0. 0016 
0,  0000 
0.  0000 
0,  0000 
1.  1218 
0.  9195 


wt  % 
27.  08 


1.  02 


0.  00 
ITW 


0.  00 


0.  00 


31. 42 


40.  47 


4.  0526 


99.  99 


Total 


B-1 


RP-1  -  Oxygen 


Combustion 

Gases 

H2O 

_ H2 _ 

_ H _ 


_QH_ 


CO 


CO2 


29. 412 

RP-1 

_ 70.588 

LOX 

% 

% 

• 

P 

r 

150 

(psia) 

T 

c 

3377 

{°K) 

P 

A 

2.  00 

P 

e 

0, 37 

(psia) 

Te 

2125 

T 

e 

1595 

°K 

<  _ 

10.63 

c 

37.  98 

I  * 

up  299.  0 _  sp _ 334.  3 _ sec  optimum 


mol/lOOg 

1.  5411 

wt  % 

27.  76 

mol/  lOOg 

1. 4307 

wt  % 

25.  78 

• 

0. 5193 

1.05 

0. 6386 

1.  29 

0. 0146 

0.  01 

0.0004 

0.  00 

0. 0046 

0.  08 

0. 0000 

0.  00 

1.  3370 

37?1I 

1!  iY\i 

34.  22 

0.  7643 

33.  64 

0.  8793 

38.  70 

4. 1809 


99.99 


4.  1708 


99. 99  Total 


B-2 


RP-  1  -  Oxygen 


Combustion 

Gases 

H?.Q 

■  -Hz _ 

__H _ 

OH 

_ CD _ 

CO2 


30. 303  17, 

69.697  % 

_  % 

_  % 


150 

3352 


2.  00 
1997 
10.  27 
298.  3 


RP-1 

LOX 


(psia) 

(°K) 

P 

e_ 

T 


I 

sp 


0-  37 _ (psia) 

1481 _ °K 

36. 40 _ 

332.  4 _ sec  optimum 


mol/lOOg  wt  % 


1. 4824 


0. 6457 


0.0073 
0. 0013 


1.4579 
0. 7068 


26.71 
1.  30 
0.  01 
- (JTOT 

40.  84 
•  31.11 


mol/  lOOg  wt  % 

1.  3404  24,.  15 

0.7916  1.60 

0.0000  oToo 

0. 0000 —  — Oo 

1. 3146  36.  82 

0. 8505  37.43 


4.  3014 


99-99 


4.2971  100.00 _  Total 


B-3 


RP- 1  -  Oxygen 


Combustion 

Gases 

HzO 

_ m 

_ H 

_ QH 

_ CO 

CO? 


— ii. 

.25 _  %  _ 

RP-1 

_ feflL 

J3Q  %  _ 

LOX 

% 

% 

P 

c 

150 

(psia) 

T 

c _ 

3316 

_ {°K) 

2. 00 

P 

e 

0.37 

_ 1866 

T 

e 

1371 

°K 

€  9.92 

c 

34.  99 

296.9 

I 

sp 

3  29.  8 

mol/lOOg 

wt  % 

mol/lOOg 

Wt  % 

•1.  4050 

25.31 

1.  2,321 

22.  20 

0.  7923 

1.  60 

0.9670 

1.  93 

Ot.0031 

0.  00 

0. 0000 

^  ■  ' 

~D'.  00 - 

0.  0004 

0,  01 

0.  0000 

—  —  1 

oro — 

1.5739 

44.  08 

1. 4005 

39.  23 

0.  6588 

28.99 

0.  8323 

3t>.  63 

4.43  34 


-99.99 


4.  4319 


100. 01 


Total 


c 


B-4 


RP- 1  -  Oxygen 


32.  258  %  RP-1 
67,  742  %  LOX 

_  %  _ 

_  %  _ 

_ 150 _ (psia) 


Combustion 

Gases 

HzO 

T 

c 

2.  00 

3266 

_(°K) 

P 

e 

0.  25 

(psia) 

1735 

T 

e 

1175 

°K 

€  9.59 

€ 

46.  06 

^BP  294.  8 

I 

sp 

332.  4 

sec  optimum 

mol/lOOg 

1.  3094 

wt  % 

23.  59 

mol/ lOOg 
1. 0385 

• 

wt  % 

18.  71 

_ H2 

0.  9603 

1.  94 

1. 2316 

2.  48 

_ H 

0.  0014 

0..U0 

0. 0000 

Q.  00 

_ CO 

1. 6850 

47.  20 

1. 4141 

39.  61 

C02 

0.  6199 

27.  28 

0.  8907 

39.  20 

4. 5761  100, 01 


4. 5748  100. 00  Total 


B-5 


RP- 1  -  Oxygen 


Combustion 

Gases 


H2O 

Hz 


iL_ 

£0. 


CO2 


28.571 


% 

% 

% 

% 


RP-1 


LOX 


p 

e 

c. 

300 

(psia) 

0.75 

(osia) 

T 

c 

4.00 

3492 

_ {°K) 

P 

e 

Te 

2236 

T 

e 

1696 

°K 

c 

10.  78 

c 

38.  78 

300.6 

I 

sp 

336.  8 

sec  optimum 

• 

mol/lOOg 

wt  % 

mol/  lOOg 

wt  % 

1.  5827 

28.  51 

1. 4985 

27.  00 

6: 4161 

0.  84 

0. 5114 

1. 03 

0. 0171 

0.  02 

•  0.0008 

0.  00 

1.2107 

33.91 

1.  1172 

31.29 

0. 8306 

36.57 

0.9239 

40.  66 

0. 0085 

0.  14 

0. 0000 

0.  00 

4.0562  _ 99.29 


4. 0518 


99. 98  Total 


B-6 


RP- 1  -  Oxygen 


29.412  %  RP-1 

70.  588  %  LOX 

_  %  _ 


Combustion 

Gases 

HzO 

Hz 

H 

_ CD _ 

COZ 


p 

e 


I 

sp 


P 

c _ 

T 

c _ 

4.  00 
2114 
10.  43 
300.  3 


300 

3470 


(psia) 

{°K) 

P 

e_ 

T 

e_ 


I 

sp 


0.  75 
1580 
37.  21 
335.  2 


(psia) 

°K 


sec  optimum 


mol/  lOOg 

wt  % 

mol/  lOOg 

wt  % 

1. 5415 

27.  77 

1. 4257 

25.  68 

0.  5222 

1.  05 

0.  6436 

r3o 

0.  0096 

0.01 

0. 0004 

0.  00 

1. 3355 

37.  41 

1.2167 

34.  08 

0.  7657 

33.  70 

0,  8843 

38.  92 

4.  1745 


?9.94 


4. 1707 


99.  98  Total 


B~7 


RP-1  -  Oxyeen 


RP-1 

LOX 


.(psia) 


10.  09 
299.4 


0  ■  75 
1468 
35.  77 
333.  1 


.(psia) 


.sec  optimum 


Combustion 

Gases 

H2O 

H? 


mol/lOOg 

1. 4810 
0. 6485 
0. 0047 
1. 4561 


wt  % 

26.  68 
■“1.31 
0.00 
40.78 


mol/  lOOg 
1. 3352 


0. 0000 
1. 3094 
0,85;56 


wt  % 
24.  05 
1.  61 
6.00 
■■36.  6S 
37.  65 


4. 2994 


99.98 


4. 2974 


99.  99 


Total 


B-8 


RP-1  -  Oxygen 


Combustion 

Gases 


H2O 

H2_ 


H 


-QQ. 


CO2 


p 

e 


I 

sp 


31.  250  %  RP-1 

68.750  %  LOX 

_  %  _ 

_  %  _ 

_ (psia) 

_ 3397 

4.00 _  ^e_ 

1855 _ 


0.  75 
1362 


9.  76 
297.  8 


c 

I 

sp 


34.  45 
330.  4 


(psia) 

°K 


sec  optimum 


mol/lOOg  wt  % 


mol/  lOOg  wt  % 


1.  4025 
0. 7952 
0,  0022 
1.  5714 
0.  6609 


25.  27  1.  2272  22. 11 

1. 60  0. 9719  1. 96 

0.  00  0.0000  5TW 

44.02  1.395b  ^9.  09 

29.  09  0,  8372  ~  36.  84 


4,  4324 


99.  98 


4. 4319 


100.00  Total 


B-9 


RP- 1  -  Oxygen 


32.  258  %  RP-1 

67.  742  %  LOX 

-  %  _ 

_  %  _ 

_ 300 _ (psia) 

_ 3339  l°K) 


Combustion 

Gases 

HzO 

_ 4.00 

P 

e 

0.  50 

(psial 

1726 

T 

e 

1169 

°K 

€ _ 9.46 

€ 

45.  51 

I.p  295.4 

I 

sp 

332.  8 

sec  optimum 

mol/lOOg 

1.  3067 

wt  % 

23.  54 

mol/  lOOg 
1. 0335 

wt  % 

18.  62 

H2 

0.  9626 

1.  94 

~1.  2366 

2.49 

H 

0. 0009 

0.0000 

0.  00 

CO 

1. 6823 

47.  12 

1.4090 

39.47 

CO?. 

0.  6222 

27.  38 

0. 8958 

39.  42 

4. 5747  99.  98  4.  5748  100.  00  Total 


B-10 


Combustion 

Gases 

H2O 

. _ Hz 

H 


RP-1  -  Oxygen 


28.571 


10.63. 

301.8, 


mol/lOOg 

1.  5845 
0.  4167 
0.  0126 
1.  2096 
0.  8314 
0.  0061 


4.  0609 


wt  % 

28.  55 
0.  84 
0.  01 
33.  88 
36.  59 

0.  lo 


99.97 


RP-1 


.(psia) 


.(psia) 


38.  17 
237.5. 


sec  optimum 


mol/  lOOg 

1.4953 

0.  5150 


wt  % 
26.94 


4. 0527 


100. 00 


Total 


B-11 


RP-1  -  Oxygen 


Zq.412 


70.588 


% 

% 

% 

% 


-IfiO. 


3539 


-L67 


e . 


2104 


10.30 


«P. 


301.2. 


CombuBtion 

Gases 

H2O 

_ H2 

H _ 

O 

^32 - 


mdl/lOOg 

1.5412 
0. 5240 
0.  0071 
1.  3345 
0.7670 


wt  % 
27.  77 


1.  06 


0.  01 


37.  38 


33.  75 


4. 1738 


99.97 


B-12 


RP-1 


LOX 


(psia) 

K) 

P 


.(°K) 


1.  25 


e. 

*  . 
I 

sp. 


1570 


.(psia) 

°K 


36.  69 


335.9 


.sec  optimum 


mol/lOOg 

1.4224 
0.  6474 
0.  0004 
1.  2134 
0.  8880 


wt  % 
25.  62 


1.  30 


00.  00 


33.99 


39.  08 


4. 1716 


Q9.99  Total 


RP-1  -  Oxygen 


30. 303 
69. 697 


RP-1 

LOX 


.(psia) 


c _ 

6.  67 
1976 
9.97 
300.  1. 


1.  25 
1460 
35.  35 
333.6 


.(psia) 

o,. 


.sec  optimum 


Combustion 


Gases 

mol/  lOOg 

wt  % 

mol/  lOOg 

wt  % 

HzO 

1. 4798 

26.  66 

1.  3318 

23.99 

H2 

0. 6505 

1.  31 

0. 8006 

1.61 

H 

0. 0034 

00.  00 

0. 0000 

00.00 

CO 

1. 4544 

40.  74 

1.  3060 

36.  58 

C75i 

0. 7102 

31.  26 

0.  8591 

37.81 

4. 2983 


99.97 


4.  2975 


99.99  Total 


B-13 


Combustion 

Gases 

H2O 

_ Hz _ 

_ H 

-  -gS-z  - 


RP-1  -  Oxygen 


P 

e 


c 

1 

sp 


ULxiifl _ % 

68.750  % 

_  % 

_  % 

_ 500 


3456 


1848 

9.66 

298.3 


RP-1 

LOX 


(psia) 

(°K) 

P 

e 

T 

e 


I 

ap. 


0.  83 
1259 
46.  65 
336.  8 


(psia) 

°K 


sec  optimum 


5 


mol/lOOg  wt  % 

1.4011  25.24 

0.  7970  1.  61 

0.  0013  00.  00 

1.  5700  43.98 

0. 6626  29. 16 


mol/ lOOg 
1.  1651 
1, 0339 
0. 0000 
1.  3340 
0. 8988 


wt  % 

20.99 
2.  08 
00.  00 
37.36 
39.  56 


I 


4.4320  99.99 


4.4318  99.99  Total 


'y 


B-14 


RP-1  -  Oxygen 


32.258 


Combustion 

Gases 

H2O 

1_H2 _ 

H _ 

CO 


4.  5742 


RP-1 

LOX 


99.97 


.(psia) 


0.  83 
1165 
45.  17 


.(psia) 

o,. 


264. 8. 

333.1 

sec 

mol/lOOg 

wt  % 

mol/  lOOg 

wt  % 

1. 3052 

23.  51 

1.0302 

18.  56 

0.9643 

1.94 

1.2398 

2,  50 

0. 0004 

00.  00 

0. 0000 

00.  00 

1. 6808 

47.  08 

1,4058 

39.  38 

0.  6235 

27.44 

0.8989 

39.  56 

4.5747 


100.00  Total 


B-15 


RP-1  -  Oxygen 


28.571  RP-1 

71.429  %  LOX 

_  %  _ 

_  %  _ 


Combustion 

Gases 

H2O 

T 

c 

9.33 

3611 

_ (°K) 

P 

e 

1.  75 

(psia) 

2224 

T 

e 

1675 

°K 

«  10.54 

€ 

37.  81 

9 

302.4. 

^80  338.0 

sec  optimum 

mol/lOOg 

1. 5854 

wt  % 

28.  56 

mol/lOOg 

1.4932 

wt  % 

26.90 

_ Hz 

0.4178 

0.84 

0.5170 

1.  04 

H 

0.  0105 

0.01 

0. 0004 

00.  00 

_ QO _ 

1.  2091 

33.87 

1. 1119 

31.  14 

C02 

0. 8323 

36.  62 

0.9295 

40.91 

OH 

0. 0048 

0.08 

0.  0000 

00.  00 

4. 0599 


99.98 


0‘’^0  99. 99  Total 


B-16 


RP-1  -  Oxygen 


29.412  (%  RP-1 
70.588  LOX 

_  % _ 

_  % _ 


Combustion 

Gases 

HzO 

p 

r 

7  00 

(psia) 

1.  75 

(psia) 

T 

c 

9. 33 

3584 

_ (°K) 

P 

e 

*  2098 

T 

e 

1563 

°K 

*  10.21 

€ 

36.  38 

301.8. 

^SP  336.3. 

sec  optimum 

mol/lOOg 

1.  5409 

wt  % 

27.76 

mol/  lOOg 
1.4203 

wt  % 

25.  59 

Hz 

0. 5252 

T.  06 

0. 6494 

1.  31 

H 

0. 0058 

0.  01 

0. 0000 

00.  00 

CO 

1. 3334 

37.35 

1.  2113 

33.  93 

cUz 

0. 7677 

33.79 

0. 8901 

39.  17 

4. 1730  99.97  4.  1711  100. QQ  Total 


B-17 


Combustion 

Gases 

H2O 

.  Hz  '  " 

_ H 

-mr- 


RP-1  -  Oxygen 


31.250 


■68.750 


% 

% 

% 

% 


RP-l 


p 

c. 

700 

(psia) 

1.  17 

(psia) 

T 

c 

9.33 

3493 _ 

_ (°K) 

P 

e 

1843 

T 

e 

1256 

°K 

€  9.  61 

€ 

46.40 

^Bp  298.  6' 

^SD  337.0 

sec  optimum 

mol/lOOg 

wt  % 

mol/  lOOg 

wt  % 

1. 4002 

25.  23 

1.  1629 

20.95 

0.  7983 

.1.  61 

1.  0362 

2.  09 

0. 0013 

00.  00 

0.000') 

00.  00 

1.  5687 

43.  94 

1.  3318 

37.  30 

0. 6640 _ 

29. 22 _ 

0.  9010 

_ 39. 65 

4. 4325 


100. 00 


4. 43 I9 


99.99 


Total 


RP-1  -  Oxygen 


Combustion 

Gases 


H2O 


mol/lOOg  wt  %  mol/lOOg  wt  % 


€ 


B-20 


Hydrazine 


Combustion 

Gases 


HzO 


mol/lOOg  wt  % 


3. 0505 


0. 

0581 

0. 

0038 

0. 

0198 

0. 

0245 

0. 

0014 

0. 

0047 

1. 

5576 

54.96 
0.  12 
00,  00 
0.  34 
0.  79 
0.  02 
0,  14 
43,  64 


4. 7205 


100.01 


LOX 


(psia) 

(°K) 

^e _ 0.  37 _ (psia) 


sp _ 348.  6 _ sec  optimum 


mol/ lOOg 

wt  % 

3.  1155 

56.  13 

0.  0042 

0.  01 

0. 0000 

00.  00 

0. 0009 

0.  02 

0. 0038 

0.  12 

0. 0000 

00.  00 

0. 0005 

0.  01 

1.5601 

43.  71 

4. 6850  100. 00  Total 


B-*:! 


Hydrazine  -  Oxygen 


Combustion 

Gases 


H2O 

EH 

ii _ 

■QH, 

Ni- 


52.  632  %  N2H4 

47.368  %  LOX 

_  %  _ 

_  %  _ 

_ ^50 _ (psia) 


3206 _ (°K) 


p 

e 

2.00 

0.37 

(psia) 

Te 

1928 

1396 

°K 

c 

10.  34 

t  35.84 

I 

Bp 

313.  0. 

^80  348.7, 

sec  optimum 

mol/lOOg 

wt  % 

mol/ 1  OOg 

wt  %  • 

2.  9577 

53.  29 

2.9600 

53.33 

0. 3239 

0.65 

0.3242 

0.  65 

0. 0034 

00.  00 

0.0000 

00.  00. 

0. 0025 

0.04 

0.0000 

00.00 

1.6420 

46.  Qi _ 

_ 1.642J _ 

46.01 

4.9295  ■  99.99 


4.9263 


99. 99  Total 


B-22 


Hydrazine  -  Oxygen 


Combustion 

Gases 


HzO 

H2_ 

Jd _ 

OH 

NZ_ 


— 

55. 

556  1^!, 

AM _  % 

% 

N2H4 
_ LQX 

— 

(psia) 

p~ 
c . 

T 

c. 

P  ? 

% 

150 

(psial 

1 

0.  25 

00 

_ iiiiB _ 

(°K) 

P 

e 

1722 

T 

e 

1119 

°K 

*  9. 

68 

€ 

44.68 

^1? 

2 

I 

sp_ 

351.8 

sec  optimum 

mcl/lOOg 

wt  % 

mol/  lOOg 

wt  % 

2.  7774 

50.  04 

2. 

7776 

50.  04 

0.6892 

1.  39 

0. 

6891 

1.  39 

0.0010 

00.  00 

0. 

0000 

00.  00 

0.0005 

0.01 

0. 

0000 _ 

00.  00 

L7335 _ 

_ ^8.57 _ 

_ 1.7334 

_ 48.  56 

5.ZQ1,6 _  _ IQP.QI 


5.^QP1 


ion,  00  Total 


Hydrazine 


CombuBtion 

Gases 


mol/lOOg 


wt  % 


LOX 


(psia) 

(°K) 

^e _ 0.  25 _ (psia) 

"^e _ a67 _ °K 

€  41.  38 _ 

^sp _ 346.  3 _ sec  optimum 


mol/lOOg  wt  % 

2.5737 _  46.37 

1.Q974  2.21 

1.8353  51.42 


5. 5064  JOO.  00  Total 


H 


•  Combustion 
Gases 


mol/lOOg  wt  % 

2. 3438  42. 23 

1.5568  3.  .14 

1. 9500  54. 63 


5.8506  100.00 


4%. 


N2H4 

LOX 


(psia) 

(°K) 

_ 0.  35 _ (psia) 

_ Mi _ °K 

€  38. 55 _ 

^SD  338.7,  _ sec  optimum 

mol/ lOOg  wt  % 

2.3438  42.23 


5. 8506 


100. 00 


Total 


Hydrazine  -  Oxygen 


5fi _  %  N2H4 

50 _  %  LOX 

_  %  _ 


_  %  _ 

_ ( ps  ia) 

3294 _ (°K) 


Combustion 

Gases 

H2O 

4.  00 

0.75 

(psia) 

"^e  2076 

1576 

Ok 

,  10.73 

,  38.56 

312.2.  . 

349.7. 

sec  optimum 

mol/lOOg 

3. 0653 

wt  % 

55.  22 

mol/lOOg 

3. 1172 

wt  % 

56.  16 

H2 

0. 0462 

0. 09 

0. 0028 

0.  01 

H 

0. 0024 

00.  00 

0.0000 

00.  00 

OH 

0. 0156 

0.  26 

0. 0009 

0.  02 

0-2  ■  - 

0. 0198 

5753 

0. 0033 

0,  10 

NO 

0. 0042 

0.  13 

0. 0005 

0.  01 

N2 

1.  5581 

43.  65 

1.5598 

43.  70 

0 

0. 0009 

0.  02 

0. 0000 

00,  00 

4. 7124 


100.  00 


4. 6845 


100.  00  Total 


B-26 


Hydrazine  -  Oxygen 


52. 632 


N2H4 

LOX 


.(psia) 


1915 
10.  16 
>14.  2. 


0.  75 
1383 
35.  20 

349.4. 


.(psia) 

o„ 


.sec  optimum 


Combustion 

Gases 

H2O 

mol/lOOg 

2.9590 

wt  % 

53.  31 

mol/lOOg 

2. 9600 

wt  % 

53.  33 

_ ^^2 

0.  3238 

0.  65 

0.  3242 

0.  65 

H 

0.  0020 

00.  00 

0. 0000 

00.  00 

OH 

0. 0015 

0.  03 

0. 0000 

00.  00 

N2 

1.  6422 

46.  01 

1. 6421 

46.  01 

4.  9285 


100. 00 


4.9263 


99.99 


Total 


B-27 


€ 


B-28 


Hydrazine  -  Oxygen 


58. 824  Of,  ^2^4 

41.  176  %  LOX 

_  %  _ 

_  %  _ 


P 

c 

300 

- (psia) 

T 

c 

3146 

_ (°K) 

4.80 

P 

e 

0.  50 

(psia) 

'^e  1519 

T 

e 

962 

°K 

« _ 9.05 

c 

40.99 

^sp _ 309.6 

I 

sp 

346.  6 

sec  optimum 

Combustion 

Gases 

mol/lOOg 

wt  % 

mol/  lOOg 

wt  % 

H^O 

2. 5732 

46.  36 

2. 

5737 

46.37 

Hz 

1.  0974 

2.  21 

1. 

0974 

2.21 

N2 

1. 8353 

51.42 

1. 

8353 

51.42 

5. 5059  99-99  5.5064  100.00  Total 


B"29 


Hydrazine  -  Oxygen 


62.5 

% 

N2H4 

37.5 

%  . 

LOX 

% 

% 

P 

r. 

300 

(psia) 

T 

c 

2993 

(°K) 

P 

«  n—  -  ..  - 

3.00 

P 

e 

0.50 

(psia) 

1249 

T 

e 

822 

«K 

c 

10.  61 

€ 

38.  36 

I 

fip 

310.2 

I 

so 

338.  8 

sec  optimum 

Combustion 

Gases 

H^O 

mol/lOOg. 

2.3438 

wt  % 

42.23 

mol/ 1  OOg 
2.3435 

wt  % 

42.22 

^2 - 

1.5568 

3.  14 

1.5567 

3.  14 

_ L95Qfl.. 

54..63 .. 

1.9498 

54.63 

5.8506  100.  00  5.8500  99-99  Total 


B-30 


Hydrazine  -  Oxygen 


Combustion 

Gases 

H^O 

~~ 

_ H 


-8f 


m. 


47.619  % 

52.381  % 

-  % 

_  % 

c _ 500 

c _ 3342 

6.67 _ 

2017 _ 

10.45 _ 

308.  1 


^2^4 

LOX 


(psia) 

(°K) 

P 

e 

T 

e 


I 

sp 


^5 _ _(p8ia) 

1492 _ °K 

36.87 _ 

^43.  9 _ sec  optimum 


mol/lOOg  wt  % 


mol/  lOOg 


wt  % 


2.9548 
.0083 
.  0005 
.0166 
.  1459 
.  0009 
.0097 
1.4809 


53.23 
.  02 
00.  00 

_ 

4.67 
.  01 
—.29 
41.49 


2.9712 
0. 0000 
0.0000 
.0009 
♦  1502 
.  0000 
.  0014 
1.4849 


53.53 
00.  00 
00.  00 
.  02 
4.81 
0.  00 
.04 
41.60 


4. 6176 


99.99  4.6086 


100. 00  Total 


B-31 


Hydrazine  -  Oxygen 


Combustion 

Gases 

H,0 

—  - 

50 

50 

P 

c 

%  - 
%  _ 
%  _ 
%  _ 

500 

N2H4 

LOX 

„  ,  (psia.) 

1.25 

(psia) 

T 

c 

6. 67 

3352 

{°K) 

P 

e 

2074 

T 

e 

1564 

°K 

(  10.62 

c 

37,99 

^sp  313.2 

I 

sp 

350.4 

sec  optimum 

mol/lOOg 

_ L..Q743 

wt  % 

55.  39 

mol/  lOOg 

3. 1181 

wt  % 

56.  18 

^2 

_ .0386 

.  08 

.  0019 

00.  00 

_ H 

_ .QQ19 

00.  00 

.  0000 

00.  00 

- — 

_ .0132 

.  22 

.  0009 

.  02 

_ .0165 

.53 

.  0028 

.  09 

_ Q- 

_ .0005 

.  01 

.  0000 

00.  00 

- - 

_ .0038 

.  11 

.  0005 

.01 

_ ^ 

_ 1.5583 

43.66 

1.5598 

~ 

43-70 

4.7070 

100. 00 

4. 6840 

100.  00  Total 

Hydrazine  -  Oxygen 


Combustion 

Gases 

H2O 

— m - 

H 

OH 

Nz 


e 


■  5^.632 


47.368 


6„  67 


1905 


10.  03 


sp — 315.0 


_  % 
_  % 
_  % 
_  % 


500 


3339 


NzH4 


LOX 


(psia) 

K) 

P 


-(°K) 


e. 

e 


I 


1375 


34.  74 


sp _ 349.  9 


.(psia) 

°K 


.sec  optimum 


mol/lOOg 

3.9593 

wt  % 

53.31 

mol/  lOOg 

3. 9600 

wt  % 

53.  33 

0.  3238 

0.  65 

0. 3242 

0.  65 

0. 0015 

00.  00 

0. 0000 

00.00 

0. 0010 

0.03 

0. 0000 

00.  00 

1. 6420 

46.01 

1. 6421 

46.  01 

4.9375  99. 99 


4. 9363  99. 99  Total 


♦ 


B-33 


Hydrazine  -  Oxygen 


Combustion 

Gases 

H2O 

~H2 

“TI - 


e . 
( 


55.556 


44. 444 


-6.67 


1705 


9.45 


313.5. 


% 

% 

% 

% 


500 


3289 


N2H4 


LOX 


(psia) 

K) 

P 


.(°K) 


e. 

c 

[ 

sp- 


0,  83 


U07 


43.  64 


3.52.  5 


.(psia) 

°K 


.sec  optimum 


mol/lOOg 
2.7771 
0. 6891 
'  0.0005 

0.QQ05 

1.7334 


wt  % 
50.03 


1.39 

60.00 


-Q.Ql 


48.  56 


mol/  lOOg 

2.  776 
0. 6891 
6.0066  ' 
O^QOQQ 
]  .7334 


wt  % 
50.  04 


1.  39 

00.00 


00. 00 


48.  56 


5. 2006 


99.99 


5.  200^  99,.  99  Total 


B-34 


Hydrazine  -  Oxygen 


Combustion 

Gases 

H2O 

~H2 

N2 


58. 824 


41. 176 


6.  67 


_  % 
_  % 
_  % 
_  % 


500 


3185 


1515 

9.00 


309.9  . 


■LQX 


(psia) 

(°K) 

P 

e 

T 

e 


I 

sp 


0.83 
960 
40.75 
346.  7 


(psia) 

°K 


sec  optimum 


mol/lOOg  wt  % 

2.  5732  46.36 

1.0974  or 

'  1.8353  51.42 


mol/lOOg  wt  % 

2.5737  46.37 

_A_-0974  2.  21 

1.8353  ,  51.42 


5. 5059  99.99 


5.  5064  100.00  Total 


B-j5 


Hydrazine  -  Oxygen 


Combustion 

Gases 

HzO 

••  Hz  '  • 

H 

OH 

~uz - 

O 

NO 

—m - 


47.619  %  ^2^4 

52.381  %  LOX 

_  %  _ 

_  %  _ 


(psia) 

°K 


sec  optimum 


mol/lOOg 

2.9571 

wt  % 

53. 28 

mol/  lOOg 

2.9712 

wt  % 

'^3.  =^3 

0.0065 

0.01 

0. 0600 

0o„  oO 

0. 0005 

00.  06 

0.  OOOJJ 

Oo.  oO 

0.0152 

oTH 

0. 0009 

0.02 

0. 1454 

4.'55 

0.  .1  *^02 

4„  8  ’ 

0.0009 

0.01 

0. 0000 

0..  00 

0.0092 

0.28 

0.0014 

0..  04 

1.4809 

41,49 

,1 . 4849 

■Ai  .,  60 

e. 

«  . 

I 

sp. 


9.  33 


2013 


10.38 


308.7 


700 


3379 


(psia) 

K) 

P 


.{°K) 


e. 
c  . 

[ 

sp. 


lo75 


1485 


36.  56 


344.3 


4. 6157 


99„98 


4. 6086 


100..  00  Total 


B-36 


Hydrazine  -  Oxygen 


Combustion 

Gases 

H2O 

hz 

H 

OH 

02  ~ 

O _ 

NO 

N2 


50 


P 

c _ 

T 

c _ 

9.33 
2073 
10.  55 
313.9 


% 

% 

% 

% 


.-.700 


N2H4 

LOX 


(psia) 

(°K) 

P 

e_ 

T 

e 


I 

sp 


1.75 
1557 
37.  65 
350.9 


(psia) 

°K 


sec  optimum 


mol/lOOg 

wt  % 

3, 0798 

55.49 

0.0339 

0.07 

0. 0014 

00.00 

0.0118 

0.  20 

0.0146 

0.47 

0. 0005 

0.01 

0. 0038 

0.  11 

1. 5583 

43.  66 

mol/ lOOg 
3. 1183 
0. 0014 
0. 0000 
0.  0005 
0.0028 
0.0000 
0.0005 
1.5601 


wt  % 
56.  18 
00.00 
00.00 
0.01 
0.09 
00.00 
0.  01 
43.71 


4. 7040  100.01 


4.  6835  100.00  Total 


B-37 


Hydrazine -Oxygen 


52.632  %  N2H4 
47. 368  %  LOX 

_  %  _ 

-  %  _ 


_ 700 _ ( ps  ia) 


Combustion 

Gases 

— g^Q _ 

T 

c 

9.33 

3376 

_ (°K) 

P 

e 

1.75 

(psia) 

■Te  1899 

T 

e 

1370 

°K 

i  9.95 

c 

34.49 

^sp  315.4 

^80  350.2 

sec  optimum 

mol/lOOg 

2.9597 

wt  % 

53.  32 

mol/lOOg 

2.9600 

wt  % 

53.  33 

_ ^2  * 

0. 3238 

05 

6.3242 

— 03 - 

H 

0. 0015 

00.  00 

6.6000 

00. 00 

OH 

0. 0010 

0.02 

0. 0000 

00.  00 

N?. 

1. 6420 

46.01 

1.6421 

46.  01 

>■ 


4.  9279 


100. 00 


4. 9263  qq.  qq  Total 


B-38 


li 

44 


Combustion 

Gases 

H2O 


N2 


mol/lOOg 
2.  7771 
0. 6891 
0. 0005 
0. 0005 
1.  7334 


Oxvcen 


B-39 


Hydrazine  -  Oxygen 


58.824  %  N2H4 

41.176  .  LOX 

_  %  _ 

_ ^ _  %  _ 


700 

(psia) 

T 

c 

3209 

(°K) 

p 

e 

9.33 

P 

e 

1.  17 

(osia) 

Tc 

1513 

T 

e 

958 

°K 

€ 

8.97 

c 

40.  61 

^■p  310.0. _  ^gp _ 346.  8 _ gee  optimum 


Combustion 

Gases 

mol/lOOg 

wt  % 

mol/  lOOg 

wt  % 

H20 

2.5732 

46.  36 

2.5734 

46.  36 

H2 

1.0974 

I7T1 

1.  097i 

zm 

_ N2 

1.8353 

51.42 

1.8351 

51.42 

5.5059  _ 99,99  5.  5038  99.99  Total 


B-40 


UDMH  -  Oxyftieh 


38.462  %  UDMH 

61.538 _  %  LOX 

_  %  _ 

_  %  _ 


150 _ ( ps  ia) 

3341 


Combustion 
Gases 
■  H^O 

p 

e 

2.  00 

0.37 

(osia) 

2121. 

1585 

°K 

c 

10.70 

t  38.03 

I 

sp 

308.  8 

^SD  345.5 

sec  optimum 

mol/lOOg 
2. 0175 

wt  % 

36.  35 

mol/  lOOg 

1,9280 

wt  % 

34.14 

0.  53L7 

1. 07 

0. 6312 

1. 27 

H 

0.  0148 

0.  01 

0.0004 

00.00 

OH 

0.0058 

0.  10 

0.0000 

00.  00 

02 

0.0004 

0.  01 

0. 0000 

00.  00 

NO 

0.0004 

0.  01 

0. 0000 

00.  00 

0.6399 

17.93 

0.6397 

17.  92 

fift 

0.7382 

20.  68 

0.  6419 

17.98 

COz 

0.5415 

23.  83 

0.  6379 

28.07 

4. 4904 


99.99 


4.4792 


99. 98  Total 


B-41 


UDMH  -  Oxygen 


_  %  UDMH 

ilfl _ %  _ LQX 

_ % _ 

_ % _ 

_ 11^2 _ ( P"  ia) 


Combustion 

Gases 

H2O 

p 

A 

2.00 

P 

e 

0.37 

(psia) 

T. 

1964 

T 

e 

1444 

°K 

f 

10.23 

c 

35.99 

I 

mn 

282.  1 

I 

SD 

343.6 

sec  optimum 

mol/lOOg 

1.9312 

wt  % 

34.79 

mol/  lOOg 
1.8048 

wt  % 

32.  52 

■TTZ - 

0.7273 

1.47 

0. 857i 

1773 

OH 

0.0014 

0.02 

0.0000 

00.00 

H 

0.0065 

0.01 

0.0000 

00.  00 

- Kz - 

0  6653 

18.64 

0.6657 

18.65 

CO 

0.i448 

ii.  66 

577170“ 

26.  66 

— CU2 — 

0.4863 

21.40 

0.6146 

27.  02 

4.66Z9  99.99 


4.6588 


100.00  Total 


UDMH  -  Oxygen 


P 

e 


€  _ 
I 

8p_l 


AJLM2 _  % 

58.  333  % 

_ : _ 1  % 

_ % 

_ I  5.Q  ■ 

_ i2i2_ 

im _ 

9^73 _ 

m.,  4 _ 


UBMH 

LOX 


(psia) 

(°K) 

P 

e  _ 
T 

e_ 


I 

ap 


0.  37 
13]rl 
34,  18 
340.  6 


(psia) 

°K 


sec  optimum 


Combustion 


Gases 

mol/lOOg 

wt  % 

mol  / 100  g 

wt  % 

H20 

1.  8129 

32.  66 

1.  6514 

29.  75 

H2 

0.  9586 

1.  93 

1.  1215 

zTIE 

H 

0.  0019 

00.  00 

0,  0000 

00.  00 

N2 

0.  6931 

19.  42 

0.  6935 

19.  43 

rn 

0.  9407 

26.  35 

0.  7789 

21.  82 

CO? 

_ Q>.4i61  - 

19.  63 

0.  6076 

26.  74 

4.  8533  99.  99 


4,8529  100.00  Total 


I 


B-43 


UDMH  T  Qxvgpn 


Combustion 

Gases 

H2O 

-TTZ - 

~H 


43.478 


56.522 


% 

% 

% 

% 


UDMH 

TCiX 


150 


3203 


2.  00 


-(psia) 

.(°K) 


1644 


0.  25 


9.38 


ap. 


304.6 


e. 

c 

r 

8P. 


1096 


.(psia) 

.°K 


44.47 


342.6 


.sec  optimum 


mol/lOOg 
t.  ^660 
1. 2270 
0. 0005  ~ 
0. 7231 


wt  % 
30.  02 


2.47 

“5.  00 


TT5.26 


-1.0270 

-0.4198 


-28.77 


18.48 


5, 0634 


100. 00 


mol/lOOg 
1.4012 
~i.4923 
“IT  0000 

0. 7236 
0. 7621 
0. 6846 


wt  % 
25.  24 

"mrr 


_ QJ 

[LOO 

21 

!L27 

21.  35 


30.  13 


V> 


5. 0638 


100. 00 


Total 


( 


B-44 


Combustion 


Gasfts 

H2O 


5,.  2941 


100. 00 


UDM?I 

LOX 


(psia) 

(°K) 

_ 0*  _ (psia) 

987 _ Ok 

c  42. 69 _ 

I  ? 

flp  j  j  I  .  ^ _ ggc  optimum 


mol/lOOg  wt  % 

1.1716  21.11 

1.  8535  3,74 


5. 2941 


100. 01 


Total 


UDMH  -  Oxyger. 


37.037  %  UDMH 

62,963  %  LOX 

-  %  _ 

_  %  _ 


_ (psia) 

2164  ■  l°K) 


Combustion 

Gases 

H2O 

p 

e 

4.00 

0.  75 

(psia) 

T* 

2257 

1715 

°K 

c 

10.93 

j  39,32 

I 

sp 

309.  8 

^bd  347.6 

sec  optimum 

mol/lOOg 
2. 0734 

wt  % 

37.  35 

mol/  lOOg 

2. 0181 

wt  % 

36.  36 

Hz 

0. 3752 

.0.76 

0.4461 

0.  90 

—H, _ 

0.  Olfl^ 

0.  02 

0.0009 

00.  00 

OH 

0.  0139 

0.  24 

0.  0000 

00.00 

UZ 

0.  0013 

0.04 

0. 0000 

00.  00 

0 

0.0004 

0.  01 

0. 0000 

00.  00 

NO 

0.  0009 

0.03 

0.0000 

00.  00 

Nz 

0,  6156 

17.  25 

0.  6161 

1’,  26 

CO 

0.6212 

17.40 

0. 5483 

1.^.  36 

C02 

0, 6113 

_ 

26,90 

0, 6842 

30.  11 

4.3318 


100. 00 


4. 3135  QQ.  99  Total 


B-46 


UDMH  -  Oxygen 


Combustion 

Gases 

H2O 

H 


OH 


■NT 


CO 


C02 


38.462 


61.538 


_  % 
_  % 
-  % 
_  % 


300 


c _ 

4.  00 


3431 


e . 

<  . 

I 

sp. 


2110 


10.49 


310.  3 


mol/lOOg 

2.  0189 
0.  5339 
0.  0099 
0.  0040 
0. 6398 
0. 7371 
0. 5429 


wt  % 
36.  37 


1.  08 


0.  01 


0.  07 


17.92 


20.  65 


23.  89 


UDMH 


LOX 


(psia) 

K) 

P 


.(°K) 


0.75 


e. 

c 


1569 


37.  22 


BD  346 ,  5 


mol/lOOg 

1. 9236 
0. 6357 
0. 0004 
0. 0000 
0. 6401 
0. 6374 
0. 6424 


.(psia) 

°K 


.sec  optimum 


wt  % 
34.  65 


1. 28 


00.  00 


00.  00 


17.93 


17.  85 


28.  27 


4. 4865 


99.  99 


4. 4796 


99.98 


Total 


B-47 


Combustion 

Gases  mol/lOOg  wt  %  mol/lOOg  wt  % 


H2O  1.9297  34.77  1.8002  32.43 

^^2  0.7299  1.47  0.8619  1.74 


B-48 


UDMH  -  Oxvfi'en 


Combustion 

Gases 

H2O 

H2 

H _ 

-  N2 

-88^ — 


41. 667  %  UDMH 

^^.333 -  %  LQX 


P 

e 


I 

sp 


c _ 300 

_ 3346 

4.00 _ 

1793 _ 

9.  64 _ 

308.  0 


(psia) 

(°K) 


0.  50 
1205 


c 

I 

sp 


45.  94 
347.4 


(psia) 

°K 


_sec  optimum 


mol/lOOg 
1. 8108 
0.9614 
0.  0015 
Q-6Q31 

-Q.9382 

0.4484 


wt  %  mol/lOOg  wt  % 

32.  62  1.5922  28.69 

1.  94  1.  1807  2.  38 

00. 00  0.  0000  00.  00 

19. 42  0.  6935  19.43 

26.  28  0. 7197  20.  16 

19. 74  0.  6668  29. 35 


4. 8534  100. 00 


4. 8529  100. 01  Total 


B-49 


UDMH  -  Oxygen 


■43. 478  %  udmh 


_ 56.  522 _  % 

_UOX 

% 

% 

300 

(psia) 

_ ntSi 

(°K) 

Combustion 

Gases 

H2O 

P 

e 

4.  00 

0.  50 

(psia) 

Te 

1636 

'^e  1091 

°K 

t 

9.  27 

€  44. 01 

I 

SD 

305.2 

^SD  342.  9 

sec  optimum 

mol/lOOg 

1.6640 

wt  % 

29.  98 

mol/lOOg 

1. 3966 

wt  % 

25.  16 

H2 

1. 2295 

2.48 

1.4969 

3,  02 

H 

0.  0005 

00.  00 

0.  0000 

00.  00 

NZ 

0.  7231 

20.26 

0.  7236 

20.  27 

1. 024q 

28.  71 

0.  7581 

21.  23 

UDMH 


Combustion 


Gases 

H2O 


B-51 


UDMH  -  Oxygen 


37.037  %  UDMH 

^2.963  %  LOX 

_  %  _ 

_  %  _ 


500 _ (psia) 

2155 _ (°K) 


Combustion 

Gases 

H2O 

p 

e  . 

6.  67 

Pe 

1.  25 

(osia) 

2252 

T 

e 

1701 

°K 

< 

10.  79 

t 

38.  69 

^-P 

311.  1 

I 

sp 

348.4 

sec  optimum 

mol/lOOg 

2.0774 

wt  % 

37.43 

mol/ 1  OOg 

2.0155 

wt  % 

36.31 

~TT2 - 

0. 3752 

0.76 

0.4491 

0.91 

H 

0.0143 

0.01 

0. 0009 

00.00 

OH 

0.0104 

0.18 

0.0000 

00.00 

Di 

0. 0009 

0.03 

0. 0000 

00.  00 _ 

0 

0. 0004 

0.01 

0.0000 

00.00 _ 

NO 

0.0009 

0.  03 

0.0000 

00.00 _ 

~TT2 - 

0.6157 

17.  25 

0.6160 

17.26 _ 

CO 

0.6200 

17.  37 

0.5457__ 

15.29. 

— cui - 

0.6123 

^6.95 _ 

-..Q..68.6a-... 

- 

JiL.23 _ 

4.3275  iOP.Q^  -  4.3141 


100  on  Total 


B-52 


UDMH 


Combustion 

Gases 

H2O 


mol/lOOg 

2. 0194 
0. 5355 
0, 0072 
0. 0027 
0.6400 
0.  7359 
0. 5440 


36.  38 
1. 08 
Q.m 
0.  05 
17.93 
20.  61 
23^4 


4.4846  100.00 


UDMH 


Combustion 

Gases 

H,0 

mol/lOOg 

1. 9285 

wt  % 

34.  74 

H2 

Q.  7317 _ 

_ 1.48 

H 

BIHSTnVSTSI 

OH 

0.  01 

0.  6655 

18.  64 

CQ 

0.  8417 

23.  58 

CO? 

0.  4893 

21.  54 

Oxygen 


)  tTDMH _ 

,  LOX _ 

)  _ 

)  _ 

- (psia)  , 

_ {°K) 

_ 1.  25 _ ( ps ia) 

14Z4 _ °K 

€ _ 34.  93 _ 

_ 344t.8 _  _ sec  optimum 


mol/  lOOg 
1.  7969 


wt  % 
32.  37 


Combustion 

Gases 


mol/lOOg 


wt  % 


mol/  lOOg 


wt  % 


UDMF 


P 

e 


I 

sp 


2LMX _ 

62.  963  Oft 

_ 

_  % 

700 


3566 


9.  33 
2247 

10.  69 
311. 8 


Combustion 

Gases 

HpO 

4 

H 


NQ. 


■^8 


mol/lOOg 

.i^Q.79i  - 
0.  3758 
0.  0117 
AQQ6^  .. 
0^aQQ4-.... 
,0. QQQ4 
0. 0004 

0^6i58-.- 


wt  % 

3.7,.  46 
0.  76 
0.  01 
0.  14 
.  Q.Sil 
- 

_0J21 

12.21 

ULll 


4.  3244 


99.  99 


(psia) 

{°K) 

_ 1 .  75 _ (psia) 

*^6 _ I6i3 _ °K 

€ _ 38.  29 

^sp _ 348.  9 _ sec  optimum 


mol/lOOg  wt  % 

2.  0136  36.  28 

0.  4508  0.  91 

0.  0004  00.  00 

0.  0000  00.  00 

0.  0000  00.  00 

0. 0000  00.  00 

0.  0000  _ QiLM 

0.  6160  ■  _ LLJl 

_  15.24 

-Q.,.6a85...,  . 3(L.3.a 


4.  31 33 


99.  99 


Total 


e 


UDMH  -  Oxygen 


*  * 


P 

e 


I 

sp 


40 _  % 

60 _  % 

_  % 

_  % 

700 


3500 


9.  33 
1937 

9,86 
81 Q.  9 


UDMH 

LOX 


(psia) 

(°K) 

P 

e_ 

T 

e_ 


I 

sp 


1 .  75 _ (psia) 

1419 _ °K 

34.  69 

345.  1 _ sec  optimum 


Combustion 

Gases 


mol/lOOg 


wt  % 


mol/  lOOg 


wt  % 


iizO _  1.  9278 _  34.  73 _  1-  7955 _  _ 


Hz 

0.  7326 

1. 48 

0.  8670 

1.  75 

H 

0.  0023 

00.  00 

0.  0000 

00.  00 

flH 

0.  0005 

00.  01 

0.  0000 

00.  00 

0.  6654 

18.  64 

0.  6657 

18.  65 

CO 

0.  8407 

23.  55 

0.  7077 

19.  82 

C02 

-0.  49Q^ _ 

_ 21.  58 _ 

0.  6234 _ 

_ 27.13 _ 

4.  6595 


99.  99 


4.  6593 


100.00  Total 


B-59 


UDMH 


Combustion 

Gases 


mol/lOOg 

1.8084 
0.  9639 
0.  0010 
0.  6931 


0.4504 


wt  % 

32.  58 
1.  94 

bo.  00 

19.42 
26.  22 
19.  82 


4. 8528 


B-60 


o.  o 


en 


<2 


mol/lOOg 

wt  % 

1. 5874 

28.  60 

1. 1856 

2.  39 

0.  0000 

00.  00 

0.  6935 

19.  43 

0.  7148 

20.  02 

0.  6721 

29.  58 

4.  8534 


100.  02 


Total 


Hydrazine  -  UDMH  -  Oxygen 


43.478  %  NzH4-  UDMH  (50-50) 

56.  522  %  LOX _ 

_  %  _ 

_  %  _ 


1  50 _ (psia) 

3295 _ (°K) 


Combustion 

Gases 

H2O 

p 

ft 

IV 

0 

0 

P 

e 

.0..37 

(osia) 

Te 

2127 

T 

ft 

1590 

°K 

c 

10.  83 

c 

38.  45 

I 

SD 

310.6 

I 

so 

347.  9 

sec  ootimum 

mol/lOOg 

2. 4045 

wt  % 

43.  32 

mol/  lOOg 

2. 3538 

wt  % 

42.  41 

Hz 

0.  3878 

0.  78 

0. 4494 

0.91 

H 

0.  0133 

0.  01 

0. 0005 

00.  00 

OH 

0.  0087 

0.  15 

0. 0000 

00.  00 

62 

0.  0005 

0.  01 

0. 0000 

00.  00 

0 

0.  0005 

0.  01 

0. 0000 

00,  00 

NO 

0.  0009 

0.  03 

0. 0000 

00.  00 

Nz 

1. 0395 

29.  12 

1.  0399 

29.  13 

CO 

0.  3297 

9.  23 

0.  2685 

7.  52 

C02 

0-3938 

17.  33 

.  4549 

20.  02 

4. 5791 


99.  99 


4.  5670 


99.  99 


Total 


Hydrazine 


Oxygen 


N2H4  -  UDMH  (50-50) 
L03C 


(psia) 

(°K) 

_ 0.  37 _ (psia) 

'^e _ 1429 _ °K 

f _ 36.  01 _ 

^ap _ 346.  1 _ sec  optimum 


mol/lOOg  wt  % 


2. 2230 
0. 7076 
0. 0000 
0. 0000 
1. 0872 
0.  3271 


0. 4292 


40.  05 
1.  43 
0.  00 
0.  00 
30.  46 


4.  7741  99.  99  Total 


Hydrazine  -  UDMH  -  Oxygen 


47.61?  %  N2H4JLUDMH  (50-50) 

52.  Ssi  %  LOX 


_  %  _ 

^  _ (psia) 

3227 _ (Ok) 


Combustion 

Gases 

H20 

p 

e 

2.  00 

P 

e 

0.  25  (psial 

T. 

1772 

T 

e 

1181  Ok 

< 

9.  76 

( 

46.  09 

I 

sp 

309.  5 

I 

sp 

349.  3  sec  optimum 

mol/lOOg 

2.  1747 

wt  % 

39.  18 

mol/  lOOg 
2.  0178 

Wt  % 

36.  35 

H2 

0.  8945 

1.  80 

1.  0524 

2.  12 

_ H _ 

0.  0015 

00.  00 

0.  0000 

00.  00 

_ ^2 

1.  1392 

31.  91 

1.  1389 

31. 91 

_ CO 

0.  4863 

13.  62 

0. 3291 

9.  22 

CO? 

0.  3062 

13.  47 

0.  4637 

20.  41 

5.  0024  99.  98  5.  0019  100.  01  Total 


w 


B-63 


Hydrazine  -  UDMH  -  Oxygen 


Combustion 


Gases 

H2O 

H2 


50  %  N2H4  -  UDMH  (50-50) 

50 _  %  ~  LOX _ 

_  %  _ 

_  %  _ 


P 

e 


150 

3153 


2.  00 
1596 
9.  29 
306.  7 


(psia) 

(°K) 

P 

e_ 

T 

e_ 


I 

sp 


0.  25 
1051 
43.  58 
344.  5 


(psia) 

.°K 


sec  optimum 


mol/lOOg  wt  % 


mol/lOOg  wt  % 


2. 0052 
1. 2185 


36.  13  1.8035  32.49 

2. 46  1. 4207  ZTIT 


0.0005 
).-I95g 
0. 5446 
Q.  2873 


00.  00 

12.  64 


0. 0000 
1. 1959 
0. 3424 
0.  4895 


00.  00 


33.  50 


9.^2- 


21.  54 


5.  2520 


99.  99 


5.  2520  99.  98  ^otal 


Hydrazine  -  UDMH  -  Oxygen 


52.632  %  N2H4  -  UDMH  (50-50) 

A2.  m %  LOX 

_  %  _ ^ _ 


Combustion 

Gases 


H2O 

TTT" 


N2 


P 

e 


_ Li(L_ 

2672 

l.  50 
X343 
10.97 

m,  5 _ 


(psia) 

(°K) 


P 

e 


I 

sp 


0.  25 _ (psia) 

930 _ °K 

41.  57 

338.  3 _ sec  optimum 


mol/lOOg 

1.  7763 
■t:6'171 
1. 2588 
0.  5678 
0. 3079 


wt  %  mol/lOOg  wt  % 

32.  00  1.5474  27.88 

3.  26  1. 6459  3. 72 

35.  27  1.  2588  .  35.  27 

15.  90  0.  3383  9.  48 

13.  55 _  0.  5374  23.65 


5.  5279 


99.  98  5.  5279  100.  00  Total 


Combustion 

Gases 

H2O 

_ H 

-8^ 


Hydrazine  -  UDMH  -  Oxygen 


P 

e 


4i.667  % 

58.  333  % 

_  % 

_  % 

300 

3394 


4.  00 


22£Z_ 

ii.,n 

,310.  S 


N2H4  -  UDMH  (50-50) 
LOX _ 


(psia) 

(°K) 

P 

e_ 

T 

e 


I 

sp 


0.  75 
1743 
40.  29 
349.  4 


(psia) 

°K 


sec  optimum 


mol/lOOg  wt  % 


mol/lOOg 


wt  % 


2.  4507 
0.  2167 
0.0150 
0.  0229 
0.0062 
0.  0013 
Q.QQ31 
Q.  99.50 
SLnii. 
0,46^0 


44.15 
0.  44 
0.  02 
0.  39 
0.  20 
0.  02 
0.  09 

a?.  88 

■  ■8..  46. 

20.  33 


2. 4450 
0.  2407 
0.  0009 
0. 0004 
0. 0000 
0. 0000 
0. PQQQ 
.0^2.262 
.(LI886.. 
Q..5Q.62 


44.  05 
0.  49 
00.  00 
00.  00 
00.  00 
■Q(L-QjB 
00.  00 


% 

* 


4.  4041 


100.  00 


4.  3771 


99.  99  Total 


I 


B-66 


Hydrazine  -  UDMH  -  Oxygen 


4i.  47S  %  N2H4  -  UDMH  (50-50) 

56.  522  %  LOX _ 

_  %  _ 

_  %  _ 


_ 2112 _ (psia) 

_ mi _ {°K) 


Combustion 

Gases 

H2O 

p 

e 

4.  00 

P 

e 

0.  75  (psial 

Te 

2116 

T 

e 

1573  °K 

< 

10.  63 

( 

37.  64 

I 

sp 

312.  1 

I 

sp  -.  , 

348.  9  sec  optimum 

mol/lOOg 

2.  4077 

wt  % 

43.  38 

mol/  lOOg 

2.  3511 

wt  % 

42.  36 

Hz 

0.  3889 

0.  78 

0.  4521 

0.  91 

H 

0.  0087 

0.  01 

0.  0005 

00.  00 

CH 

0.  0055 

0.  09 

0.  0000 

00.  00 

_ Qz 

0.  0005 

0.  01 

0. 0000 

00.  00 

_ NO 

0.  0005 

0.  01 

0. 0000 

00.  00 

N2 

1. 0398 

29.  13 

1. 0399 

29.  13 

CO 

0. 3289 

9.  21 

0.  2658 

7.  45 

CO? 

0.  3948 

17.38 _ 

0.4576 

20.  14 

4.  5752 


100.  00 


4.  5670 


99.  99  Total 


B-67 


Hydrazine  -  UOMH  -  Oxygen 


45.455  N2H4  -  UDMH  (50-50) 


54. 545 


.(psia) 


.(paia) 


.sec  optimum 


Combustion 

Gases 

H2O 

•  '•  Hr  '  ~ 


mol/lOOg 
2.  3096 
0.  6191 
0.  0033 
0.  0010 
1. 0872 
0.  4142 
0.  3420 


wt  % 
41. 61 
1. 25 
0.  00 
0.  02 
30.  46 
11,  60 
15.  50 


mol/  lOOg 
2. 2208 
0.  7104 
0. 0000 
0.  0000 
1. 0872 
0.  3237 
0. 4326 


wt  % 
40.  00 
1. 43 
0.  00 
0.  00 
30.  46 
9.  07 
19.  04 


4.  7763 


99.  99 


4.  7741 


100.00  Total 


B-68 


Hydrazine 


Combustion 


Gases 

H2P 

H2 


ep2 


mol/lOOg 

2.  1735 
0.  8964 
0.  0010 
1.  1390 
0.  4847 
0.  3076 


wt  % 

39.  16 
1.  81 
0.  00 
31.  91 
13.  58 
13.  54 


5.  0024 


100.  00 


N2H4  -  UDMH  (50-50) 
LOX 


(psia) 


(°K) 

P 


p 

e 

0.  50 

(psia) 

T 

e 

1173 

°K 

t 

45.  44 

I 

sp 

349.  8 

_ sec  optimum 

mol/lOOg  wt  % 


2.  0148 
1. 0559 
0. 0000 
1. 1389 
0. 3256 
0.  4667 


36.  30 
2.  13 
00.  00 


20.  54 


5..  0019 


100.  00 


Total 


Hydrazine  -  UDMH  -  Oxygen 


^ _  (jlj,  N2H4  -  UDMH  (50-50) 

_  %  LOX 


Combustion 

Gases 

H2O 

p 

c 

% 

% 

300 

(psia) 

0.  50  (psia) 

T 

c 

4.  00 

2213 _ 

_ (°K) 

P 

e 

"^e  1 589 

T 

e 

1046  . °K 

<  9.  20 

( 

43.  14 

307.2 

I 

sp. 

344.  8  sec  optimum 

mol/lOOg 

2.  0042 

wt  % 

36.  11 

mol/lOOg 
1. 8004 

wt  % 

32.  44 

- Hz - 

1. 2200 

2.  46 

1. 4233 

2.  87 

- Nz - 

1.1959 

33.  50 

1. 1959 

33.  50 

CO 

0.  5431 

15.  21 

0. 3398 

9.  52 

- TOz - 

0.  2889 

12.  71 

0. 4921 

21.  (>  6 

5. 2520  99.  99  5.  2515  99.  99  Total 


B-70 


Hydrazine  -  UDMH  -  Oxygen 


41.667  %  N2H4  -  UDMH  (50-50) 

58.  333  %  LOX _ 

_  %  _ 

_  %  _ 


P 

r 

500 

(psia) 

T 

c 

3460 

(°K) 

6. 67 

P 

e 

1.  25 

(osia) 

2267 

T 

e 

1728 

°K 

i  10.98 

c 

39.  61 

312.1 

I 

so 

350.  3 

sec  ontimum 

Combustion 

Gases 

H2O 

mol/lOOg 

2.4584 

wt  % 

44.  29 

mol/  lOOg 

2.  4437 

wt  % 

44.  03 

H2 

0.  2133 

0.  43 

0. 2420 

0.  49 

H 

0. 0119 

0.  01 

0.  0009 

00.  00 

OH 

0.  0180 

0.  31 

0.  0004 

0.  01 

O2 

0.  0040 

0.  13 

0.  0000 

00.  00 

0 

0.  0009 

0.  01 

0. 0000 

00.  00 

NO 

0.  0022 

0.  07 

0.  0000 

00.  00 

NT 

0.  9955 

27.  89 

0.  9967 

27.  92 

CO 

0.  2282 

6.  39 

0.  1852 

5.  19 

CO2 

0.  4652 

20.  47 

0.  5082 

22.  37 

4.  3975 


100.  00 


4.  3771 


100.01  Total 


B-71 


Hydrazine  -  UDMH  -  Oxygen 


P 

e 


I 

»P 


ii-iis _ % 

% 

_ % 

_  % 

_ _ 

3445 

6.  67 _ 

.iiin _ 

1SLA2 _ 

JL3..1 _ 


N2H4  -  UDMH  (50-50) 

im. _ 


(psia) 

(°K) 

^e _ 1.  25 

.  1562 

€ _ 1LJ22. 

^8p _ 349.  6 


(psia) 

°K 


sec  optimum 


Combustion 


Gases 

mol/lOOg 

wt  % 

mol/lOOg 

wt  % 

H2O 

2.  4088 

43.  40 

2.  3492 

42.  32 

H2 

0.  3896 

0.  79 

0.  4540 

0. 92 

H 

0.  0064 

0.  01 

0.  0000 

00.  00 

OH 

0.  0041 

0.  07 

0.  0000 

00.  00 

NO 

0.  0005 

0.  01 

0.  0000 

00.  00 

^2 

1. 0398 

29.  13 

1.  0399 

29.  13 

CO 

0.  3279 

9.  18 

0.  2640 

7.  39 

ro2 

0.  3955 

17.  41 

0.  4599 

20.  24 

4.  5726 


100.  00 


4.  5670 


100.  00  Total 


B-7 


Combustion 

Gases 

H2O 

Hz 

_ ti  -  - 

. -- 


I 


Hydrazine  -  UDMH  -  Oxygen 


P 

e 


I 

sp 


45.455  %  N2H4  -  UDMH  (50-50) 

54.  545  %  LOX _ 

_  %  _ 


_  % 

500 

3413 

6.  67 _ 

1929 _ 

9.  97 _ 

312.  7 


(psia) 

(°K) 

P 

e_ 

T 


e 


I 

sp 


1. 25 
1409 
34.  93 
347.  4 


(psia) 

.°K 

sec  optimum 


mol/lOOg 

2.  3087 
0. 6204 
0. 0024 
0.  0005 
1. 0870 
0. 4131 
0.  3429 


wt  %  mol/lOOg  wt  % 

41.  59  2.  2183  39.  96 

1.  25  0.  7128  1.  44 

0.  00  0.  0000  .  0.  00 
0.  01  0.  0000  0.  00 

_  —  .Lj>aj.g _  _ 

-1-1 --5.7 _  Q.-3^18 _  _ iJLL 

_  .  0.434? _  _ 


4. 7750 


99.  96 


4.  7746  99.  99  Total 


B-73 


I 


Hydrazine  -  UDMH  -  Oxygen 


Combustion 

Gases 


H2P 

ii2_ 


* 


-CP. 


C02 


47.619  %  N2H4  -  UDMH  (40-50) 

52.  381  %  LOX _ 

-  %  _ 

-  %  _ 


T 

c, 

P 

e  . 

6.  67 

3354 

(°K) 

P 

e 

0. 83  (psia) 

T. 

1754 

T 

e 

1168  ”k 

<  • 

9.  52 

t 

45.  01 

I 

sp 

■■LI  0.8 

I 

sp 

350.  1  sec  optimum 

mol/lOOg 

wt  % 

mol/lOOg 

wt  % 

2.  1725 

39.  14 

2.  0123 

36.  25 

0.  8979 

1. 81 

1. 0579 

2.  13 

0.  0010 

0.  00 

0. 0000 

0.  00 

1. 1390 

31.  91 

1. 1389 

31.91 

0-  4832 

13.  54 

0. 3236 

9.  O^* 

0. 3092 

13.61 

0. 4692 

20.  65 

5.  0029 


100.  01 


5.  0019  100.  00  Total 


B-74 


Hydrazine  -  UDMH  -  Oxygen 


4 


50 _  % 

50 _  % 

_  % 

_  % 

500 


3259 


6.67 


1584 


9.  14 


307.  5 


N2H4  -  UDMH  (50-50) 
LOX 


(psia) 

(°K) 

P 

e_ 

T 

e_ 


I 

ap 


0.  83 
1043 
42.  88 
345.  0 


(psia) 

°K 


sec  optimum 


Combustion 

Gases  mol/lOOg 


H2O 

H2 

N2_ 


2.0031 
1.2206 
1.19^9 
0. 5420 
Q.  2899 


wt  % 

2.46 
33.  50 
15.18 
12.  76 


mol/ lOOg  wt  % 


1. 7988 
1.4254 
1.  1959 
iL.33.77 


2.  87 
33.  50 
9.  46 
21.  75 


5.  251  5  99.  99 


5,  2520  99.  99  Total 


B-75 


Hydrazine  -  UDMH  -  Oxygen 


41.667 

%  . 

N2H4  -  UDMH  (50 

-50) 

58. 333 

%  . 

LOX 

%  . 

%  . 

700 

(psial 

Tp  3503 

(°K1 

9.  33 

P 

e 

1.  75 

_ (psia) 

2266 

T 

e 

17.  19 

°K 

10.90 

( 

39.  19 

312.9 

I 

sp 

350.  9 

_ sec  optimum 

Combustion 


Gases 

mol/lOOg 

wt  % 

mol/lOOg 

wt  % 

H2O 

2.  4625 

44.  36 

^.4433 

44.  02 

Hz 

0.  2118 

0.43 

0.  2429 

0.49 

H 

0.  0097 

0.  01 

0. 0004 

00.  00 

OH 

0.  0154 

0.  26 

0.  0004 

0.  01 

Oz 

0. 0026 

0.  08 

0.  0000 

00.  00 

0 

0. 0004 

0.  01 

0. 0000 

00.  00 

NO 

0.  0018 

0.  05 

0.  0000 

00.  00 

Nz 

0.  9955 

27.  89 

0.  9967 

27.  92 

CO 

0.  2267 

6.  35 

0.  1843 

5.  16 

COZ 

0.  4666 

20.  53 

0. 5090 

22.  40 

t 


4.  3929 


99.97 


4.  3771 


100.  00  Total 


B-76 


Hydrazine  -  UDMH  -  Oxygen 


43.  478 


N2H4  -  UDMH  (50-50) 


.(psia) 


350.  0 


.(psia) 


sec  optimum 


Combustion 

Gases 

HoO 


mol/lOOg 


wt  % 


mol/lOOg 

2.  3483 
0.  4553 
0.  0000 


-  42.31 
0.  92 
00.  00 

_ 00.  00 

_ 00.  00 


4.  5713 


100.  01 


4.  5670 


100.  00 


CombuBtion 

Gases 


mol/lOOg  wt  %  mol/lOOg  wt  % 


4.  7759  100.  00  4.  7741  99.  99  Total 


B-78 


Hydrazine  -  UDMH  -  Oxygen 


Combustion 

Gases 

H2O 

H2 


P 

e 


I 

sp 


-47.619  % 

52. 381  % 

- -  % 

-  % 

700 

3388 


9.  33 


1750 
9.  46 
311.  1 


N2H4  -  UDMH  (50-50) 
LOX 


(psia) 

(°K) 

^e _ 1.  17 

'^e  ,  1165 

f _ 44.  77 

^sp _ 350.  3 


(psia) 

°K 


sec  optimum 


mol/lOOg  wt  % 


2.  1718 
0.  8983 
0.  0005 
1. 1389 
0.  4827 
0.  3096 


39.  13 
1.  81 
00.  00 
31.  91 
13.  52 
13.  63 


mol/lOOg  wt  % 


2.  0113 
1. 0594 
0. 0000 
1. 1389 
0.  3221 
0.  4702 


36.  23 
2.  14 
00.  00 
31.  91 
9.  02 
20.  69 


5.  0019 


-IQO.  00 


5,  0019 


-99.  99 


Total 


Hydrazine  -  UDMH  -  Oxygen 


Combustion 

Gases 


H?p 


50 

% 

N2H4  -  UDMH  (50-50) 

50 

% 

LOX 

% 

% 

P 

r 

7<?0 

(psia) 

T 

c 

3285 

(°K1 

p 

e 

9.  33 

^e  1.17 

_ (psia) 

Te 

1582 

1041 

°K 

( _ 

_ 9.  10 

(  42.  73 

^sp _ 307.  7 _  ^sp _ 345.  2 _ sec  optimum 


mol/lOOg 

wt  % 

mol/lOOg 

wt  % 

2.  0026 

36.  08 

1. 7978 

32.  39 

1.  2216 

274^ 

1.4264 

2755 

1.  1959 

33.  50 

1. 1959 

33.  50 

0.  5415 

15.  17 

0. 3366 

9.  43 

0.  2904 

_ 12.  78 

0.4953 

21.80 

5.  2520 


99.  99 


5.  2520  100.  00  Total 


B-80 


Ammonia  -  Oxygen 


37.  037  %  NH3 

62.  963  %  LOX 

_  %  _ 


Combustion 

Gases 


H2O 


_ 150 

(psia) 

2920 

(°K) 

p 

e 

2.  00 

P 

e 

0.  25 

(psia) 

Te 

1586 

•  ^e 

1048 

°K 

<  _ 

_ SL_ai _ 

c 

_ _ 

^sp _ 282.  6 _  ^sp _ 319.  14 _ sec  optimum 


mol/lOOg 

wt  % 

mol/  lOOg 

wt  % 

3.  2607 

58.  74 

3.  2616 

58.  76 

0.  0019 

0.  03 

0. 0000 

0.  00 

0.  3346 

10.  71 

0. 3364 

10.  76 

0.  0028 

0.  08 

0. 0000 

0.  00 

.  1.0959 _ 

_ ^42 _ 

1. 0870 

30.  46 

4.  6858 


99.  98 


4.  6850  99.  98  Total 


Ammonia  -  Oxygen 


60.  00 


%  - 

%  LOX 

%  _ 


.(psia) 


2957 


.(psia) 


10.  07 


.sec  optimum 


Combustion 

Gases 

H2O 

H2 


mol/lOOg 


wt  % 


mol/lOOg 


wt  % 


4.  8125 


100.  01 


4.  8104 


100.00  Total 


Ammonia  -  Oxygen 


Combustion 

Gases 

H?0 

n?. 

Nz 


P 

e 


41.667  % 

58.  333  %  LOX 

_  %  _ 


_  % 

150 _ 

2958 

Uifi _ 

12L5 _ 


(psia) 

(°K) 

P 

e_ 

T 

e_ 


< _ 10.  20  * 

^sp _ 295.5 _  ^BP 


0.  37 _ (psia) 

1245 _ °K 

35.49 

328.  9 _ sec  optimum 


mol/lOOg 

3.  6439 
0.  0250 
1. 2230 
0.  0010 
0.  0005 


wt  % 
65.65 


0.  05 


34.  27 


0.  02 


JUU. 


mol/  lOOg 

3.  6457 
0.  0240 
1. 2232 
0. 0000 
D.jQfliHL-. 


wt  % 


0.  05 


34.  27 


0.  00 


0.  00 


4.  8934 


100.  00 


4. 8929 


100.00  Total 


B-83 


4» 


Ammonia  -  Oxygen 


Combustion 

Gases 


45.  454  %  NH3 

54.  545  %  LOX 

-  %  _ 

-  %  _ 


c- - L50 _ (psia) 

’’c _ 28^ _ (°K) 


p 

e 

2.  00 

P 

e 

0.  25 

13<54 

T 

e 

895 

."K 

c 

9.  15 

c 

41.  93 

I 

sp 

290.6 

I 

sp 

325.  8 

.sec  optimum 

mol/lOOg 

wt  % 

mol/lOOg 

wt  % 

-3.  4Q9g 

_ 61.42 

3.  40^2 

61. 42 

-Q.  5941 

1.  20 

0.  5040 

1.  20 

1. 3344 

_ 37.  39 

1.3343 

37.  39 

5.  3377  100.  01 


5.  3377  100.  01  Total 


1» 


B-85 


99.  98 


4.  6858 


4.  6850 


99.  98 


Combustion 

Gases  mol/lOOg  wt  %  mol/lOOg  wt  % 


4. 8111 


100.  00 


4.  8104 


100.  00 


Total 


Ammonia  -  Oxygen 


41.667  %  NH3 

58.  333  %  LOX 

_  %  _ 

_  %  _ 


T 

c. 

P 

e 

3014 

4-  00 

_ (°K) 

P 

e 

0.  75 

,(psia) 

°K 

T. 

1706 

T 

e 

1237 

< 

10.  07 

( 

35.  03 

I 

sp 

296.3 

I 

so 

329.  4 

sec  optimum 

Combustion 

Gases 

H2O 

mol/lOOg 

3.  6445 

wt  % 

65.  66 

mol/  lOOg 
3.  6454 

wt  % 

65.  68 

_ Hz 

0.  0245 

0.  05 

0. 0240 

0.  05 

_ OH 

0.0005 

0.  01 

0.  0000 

0.  00 

_ N2 

-.1.2233 _ 

34.  28 

1. 2231 

34.  27 

4.  9128 


iOO.  00 


4.  8925  100.  00  Total 


B-88 


Ammonia  -  Oxygen 


43.  478 

%  , 

NH3 

56.  522 

% 

LOX 

%  . 

%  . 

300 

(psia) 

2985 

(°K) 

P 

e 

4.  00 

P 

e 

0.  50 

(nsia) 

1540 

T 

e 

1008 

°K 

c 

9.  48 

c 

44.  12 

I 

sp 

294.  7 

I 

SD 

331.  7 

.sec  optimum 

Combustion 

Gases 

mol/lOOg 

wt  % 

mol/lOOg 

wt  % 

HpO 

3. 5320 

63.  63 

3.  5323 

63.  64 

Hz 

0.  2966 

0.  60 

0. 2966 

0.  60 

Nz 

1. 2764 

35.  76 

1. 2764 

35.  76 

5.  1050  99.  99  5.  1053  100.  00  Total 


B-89 


i 


B-90 


Ammonia  -  Oxygen 


37.  037  %  ^^3 
62.  963  %  LOX 


.(psia) 


.(psia) 


283.  4 


319.  6 


sec  optimum 


Combustion 

Gases 


mol/lOOg 

3.  2607 
■  0. 0019' 
0.  3346 
0.  0024 


wt  % 

58.  74 
0.  03 
10.  71 
0.  08 


mol/lOOg 

3.  2618 
0,  0000 
0.  3364 
0.  0000 


58.  76 
0.  00 
10.  76 
0.  00 
30.  46 


4.  6858 


4.  6850 


99.  98  Total 


B-91 


Ammonia  -  Oxygen 


Combustion 

Gases 


H,0 


-QiL 


02 


P 

e 


I 

sp 


40.  00  %  NH3 

60-  00  %  LOX 

- : -  %  _ 

- -  %  _ 

c - iOQ _ (psia) 

_ 3050  _ {°K) 

-  6.67  Pe_ 

1665 _ 


1.  25 
1206 


_  t _ 34.  32, 

iMJL _  ^sp _ 324.  e 


(psia) 

°K 


sec  optimum 


mol/lOOg  wt  % 


3.  5215 
0.  0005 
0.  0019 
0.  1121 
Q,  0024 
1.  1730 


63.  44 
0.  00 
0.  03 
3.  59 
0.  07 
3  ?.  87 


mol/lOOg 

Wt  % 

3.  5222 

63.  46 

0.  0000 

0.  00 

0.  0005 

0.  01 

0.  1135 

3.  63 

0.  0000 

0.  00 

1.  174? 

32.  90 

c 


4.  6112 


lOo.  00 


^104  100.  00  Total 


— B-62 


Ammonia  -  Oxygen 


Combustion 

Gases 

H2O 

H2 

OH 

N2 


p 

T 

P 

e 

41.  667 

58.  333  % 

% 

% 

r  500 

NH3 

LOX 

(psia) 

(osial 

c 

6.  67 

3053 

_(°K) 

1.  25 

1699 

'^e  1232 

°K 

c 

9.  98 

c  34.  73 

I 

sp 

296.  8 

^SD  329.  7 

sec  optimum 

mol/lOOg 

wt  % 

mol/lOOg 

wt  % 

3. 6447 

65.  66 

3.  6454 

65.  68 

0.  0240 

0.  05 

0.  0240 

0.  05 

0,  0005 

0.  01 

0.  0000 

0.  00 

1.  2232 

34.  27 

1.  2231 

34.  27 

4.  89Z4  99.  99 


4.  8925  100.  00  Total 


V 

O 


B--93 


Ammoraa  -  Oxygen 


Combustion 

Gases 

H2O 

-  - 

_Nl _ 


43.  478 


56.  522 


% 

% 

% 

% 


500 


3021 


6.  67 


1536 


9.  42 


sp. 


295. 0 


mol/lOOg 

3.  5323 
0.  2966 
1.  2764 


wt  % 

63.  64 
0.  60 


35.  76 


5.  1053 


100.  00 


NH„ 


LOX 


.(psia) 

.(°K) 


0.  83 


1005 


.(psia) 

°K 


43.  85 


ap. 


331.  8 


sec  optimum 


mol/lOOg 

3.  5323 
0.  2966 
1.  2764 


wt  % 

63.  64 


0.  60 


35.  76 


5.  105  j 


100.  00 


Total 


B-94 


Ammonia  -  Oxygen 


Combustion 


Gases 

H2O 


e. 
c  . 
^sp. 


45.  454 


54.  545 


% 

% 

% 

% 


500 


2931 


6.  67 


1389 


9.07 


290.9 


NH. 


LOX 


.(psia) 

.(°K) 


e. 
(  . 

[ 

sp. 


0.  83 


891 


41.  55 


326.  0 


.(psia) 

°K 


.sec  optimum 


mol/l  OOg 

-a.iQ89  ■ 
0.  5940 
1.  3343 


wt  % 
61.  41 


1.  20 


37.  39 


mol/l  OOg 

3.  4089 
0.  5940 
1.  3343 


wt  % 
61.  41 


1.  20 


37.  39 


5.  3372  100.  00  5.  3372  100.  00 


Total 


Ammonia  -  Oxygen 


Combustion 

Gases 


H2O 


J2H_ 


NO 

"NT 


37.  037  %  NH3 

62.  963  %  LOX 

_  %  _ 

_  %  _ 


700 _ (psiS') 

3021 _ (°K) 


p 

A 

9.  33 

1.  17 

(psia) 

T. 

1573 

1038 

°K 

c 

9.  61 

,  45.  02 

1 

nn 

283.  6 

319.7 

sec  optimum 

mol/lOOg 

wt  % 

mol/lOOg 

wt  % 

3.  2607 

58.  74 

3.  2618 

58.  76 

0.  0019 

0.  03 

0.  0000 

0.  00 

0.  3346 

10.  71 

0.  3364 

10.  76 

0.  0028 

0.  08 

0.  0000 

ora 

1.  Q8^..- 

30>4g _ 

1.  0870 

30.  46 

4.  6858 


99.  98 


4.  6850  9P.  98  Total 


B-96 


Ammonia  -  Oxygen 


40.  0  %  NH3 

60.  0  %  _ LOX 

_  %  _ 

_  %  _ 


Combustion 

Gases 

H2O 

P 

e 

P 

r 

700 

(psia) 

(osial 

T 

c 

9.  33 

3074 

(°K) 

1.  75 

Te 

1662 

1203 

°K 

c 

9.  82 

t  34.  15 

I 

sp 

292.  9 

^SD  325.  0 

sec  optimum 

mol/lOOg 
3.  5213 

wt  % 

63.  44 

mol/lOOg 

3.  5222 

wt  % 

63.  46 

H2 

0.  0005 

.0.  00 

0.  0000 

0.  00 

OH 

0.  0019 

0.  03 

0.  0005 

0.  01 

02 

0.  1121 

3.  59 

0.  1135 

3.  63 

NO 

0.  0024 

0.  07 

0.  0000 

0,  00 

_Ni _ 

■  1.  I73Q 

32.  87 _ 

1.  0742 

32.  90 

4.  81IZ  100.  00  4.  8104  100.  00  Total 


B"97 


Ammonia  -  Oxygen 


Combustion 

Gases 


HgO 

Hz 


P 

e 


I 

sp 


41.  667  % 

58.  333  % 

-  % 

- -  % 

700 


3078 


9.  33 
1695 


9.  92 


297.  1 


NH3 

LOX 


(psia) 

(°K) 

P 

e 

T 

e_ 


I 

sp 


1.  75 
1229 
34.  54 
330.  0 


(psia) 

°K 


sec  optimum 


mol/lOOg  "  wt  %  mol/lOOg 

3.  6447  65.  66  3.  6454 

0«  0240  0.  05  0.  0240 

0-  0005  0.  01  0.  0000 

-ii  2232 _  34.  27  1.  2231 


wt  % 

65.  68 
0.  05 
0.  00 
34.  27 


4.  8924 


99.  99 


4.  8925 


^00-  00  Total 


i 


B-98 


Aroroonia  -  Oxygen 


I 


Combustion 

Gases 


H2O 

Hz 

Nz 


P 

e 


I 

sp 


43. 478 

-  56.  522  % 

- -  % 

? - 

c_  700 

_ 3043 

9.  33  _ 

1534 

9.  38 

295.  2 


NH3 

LOX 


(psia) 

(°K) 

P 

e 

T 

e 


I 

sp 


1.  17 
1004 
43.  68 
331,  9 


(psia) 

°K 


sec  optimum 


mol/lOOg  wt  % 


3. 5320 
0.  2966 
1.  2764 


63.  63 
0.  60 
35.  76 


mol/lOOg 

3.  5323 
0.  2966 
1.  2764 


wt  % 

63.  64 
0.  60 
3  5.  76 


99.  99 


5.  1053 


100.  00 


Total 


1 


B-9P 


45.  454 
54.  545 


Combustion 

Gases 


mol/lOOg 


wt  % 
61.41 
1.  20 
37.  39 


5.  3372 


100.  00 


B~100 


NH3 

LOX 


(psia) 

(°K) 


41.49 


I 

sp 


326.  0 


sec  optimum 


mol/  lOOg  wt  % 

3.  4089  61.  41 

0.  5940  1.  20 

1.  3343  .  37.  39 


F.  3172  too.  00  Total 


Hydrazine- Nitrogen  Tetroxide 


ap. 


43.  478 


56.  522 


% 

% 

% 

% 


150 


3087 


2.  00 


1665 


9.  64 


291.9 


N2H4 


.(psia) 

.(°K) 


8P. 


0.  25 


1079 


44.  39 


328.  7 


(psia) 

°K 


sec  optimum 


Combustion 


Gases 

mol/lOOg 

wt  % 

mol/lOOg 

wt  % 

H2O 

2.  4564 

44.  25 

2.  4569 

44.  26 

Hz 

0.  2562 

0.  52 

0.  2562 

0.  52 

Nz 

1.  9707 

55.  22 

1,  9707 

55.  22 

H 

0.  0005 

0.  00 

0.  0000 

0?5 

OH 

0.  0005 

0.  01 

0.  0000 

0.  00 

4.  6843 


100.  00 


4.  6838  100.  00  Total 


B-lOl 


Hydrazine-Nitrogen  Tfitroxide 


.  45.  455  % 

N2H4 

• 

54.  545  % 

“TTiUi - 

% 

% 

P 

r. 

150 

(psia) 

T 

c 

3066 

P 

e  . 

2.  00 

^e  0.  25 

(psia) 

Te _ 

1558 

996 

°K 

c 

9.  29 

t  42.36 

I 

sp 

291.  4 

^sp  326.  9 

sec  optimum 

Combustion 

• 

Gases 

mol/lOOg 

wt  % 

mol/lOOg 

wt  % 

HzO 

3.  3710 

42.  72 

2.  3710 

42.  72 

Hz 

0.  4654 

0.  94 

0.  4654 

0.  94 

N2 

2.  0108 

56.  34 

2.  0108 

56.  34 

4.  8472  99.  98  4.  8472  99.  98  Total 


B-10 


Hydrazine -Nitrogen  Tetroxide 


Combustion 

Gases 


H2O 


P 

e 


f 

I 

sp 


47.  62  % 

52.38  % 

_ % 

_  % 

150 


3024 


2.  00 


1454 


9.  01 
290.  1 


N^ 


(psia) 

(°K) 

P 

e_ 

T 

e 


I 

sp 


0.  25 
917 
40.  62 
324.  5 


(psia) 

°K 


sec  optimum 


mol/lOOg  wt  % 

2.  2766  41.  02 

0.  6945  1.  40 

2.  0549  57.  58 


mol/lOOg  wt  % 

2.  2766  41,  02 

0.  6945  1.  40 

2.  0549  57.  58 


5.  0260 


100.  00 


5.  0260  100.  00 


Total 


Hydrazine-Nitrogen  Tetroxide 


50 

% 

N2H4 

_ &0 _ 

% 

N204 

% 

% 

150 

(psia) 

2956 

(°K) 

P 

1.  50 

H*.  0.  25 

(psia) 

T. 

1269 

840 

c 

1075 

*  39.05 

294.  0 

^sp  321.4 

sec  optimum 

Combustion 

Gases 

H2O 

mol/lOOg 
2.  1735 

wt  % 

39.  16 

mol/lOOg 

2.  1735 

wt  % 

39.  16 

“Hi - 

0.  9470 

1.  91 

0.  9470 

1.  91 

_ 

2.- 103  5 

58.  94 _ 

.■2^10JL5 _ 

58.  94 

5.  2Z40  100.  01  5.  2240  100.  01  Total 


Hydrazine- Nitrogen  Tetroxide 


52.  632  %  N2H4 

47.  368  %  I^z04 

_  %  _ 

_  %  _ 


T 

c 

2862 

(°K) 

P 

e 

1.  50 

P 

e 

0.  25 

(psia) 

T. 

1169 

T 

e 

764 

°K 

< 

10.46 

€ 

37.  60 

I 

sp 

291.  1 

^90  317.6 

sec  optimum 

Combustion 

Gases 

mol/lOOg 

wt  % 

mol/lOOg 

wt  % 

H2O 

2.  0590 

37.  09 

2.  0589 

37.  09 

Hz 

1.  2254 

2.  47 

1.  2253 

2.  47 

Nz 

2.  1570 

60.  44 

2.  1568 

6&.  43 

5.  4414  100.  00 


5.  4410  100.  00  Total 


I 


B'  105 


Hydrazine -Nitrogen  Tetroxide 


41.  67  %  N2H4 

58.  33  %  N2O4  ' 

_  %  _ 

_  %  _ 

_ 300 _ (ps  ia) 

3157 _ (°K) 


Combustion 

Gases 

H2O 

P 

e 

4.  00 

P 

e 

0.  75 

(psia) 

1767 

T 

e 

1263 

°K 

< 

9.  93 

c 

34.  09 

• 

I 

sp  . 

292.  2 

I 

sp 

324.  3 

sec  optimum 

mol/lOOg 
2.  5348 

wt  % 

45.  67 

mol/lOOg 
2.  5355 

wt  % 

45.  68 

H2 

0.  0648 

0.  13 

0.  0638 

0.  13 

H 

0.  0004 

0.  00 

0.  0000 

0.  00 

*  OH 

0.  0004 

0.  01 

0.  0000 

0.  00 

^52 

_ L-md.  - 

1.  9338 

54.  19 

4.  5344  100.  00  4.  5331  100.  00  Total 


Hydrazine-Nitrogen  Tetroxide 


Combustion 

Gases 

H2O 

Hz 

- 


45.  455  % 

54.  545  % 

-  % 

_  % 

300 


3125 


±_Q0 

1551 


9.  19 


291.  9 


N2H4 

mi 


(psia) 

(°K) 

_ 0.  50 _ (psia) 

'^e  991 _ Ok 

.  c  41.  91 _ 

_ 327.  2 _ ggp  optimum 


mol/lOOg  wt  % 

2.  3710  42.  72 

0.  4654  0.  94 

2.  0108  56.  34 


mol/lOOg  wt  % 

2.3710  42.  72 

0.  4654 

2.  0108  ~  ,  56.  34 


4«  8472  99.  98  4.  8472  99-  98  Total 


B-107 


Hydrazine- Nit x  jgen  Tetroxide 


Combustion 

Gases 

H2O 

Nz 


P 

e 


< 

I 

sp 


50 _  % 

50 _  % 

_  % 

_  % 

300 


2997 


3.  00 


1266 


10.  69 
2.94.  2 


N2H4 


(psia) 

(°K) 

P 

e_ 

T 

e_ 


I 

sp 


0-  50 _ (psia) 

838 _ °K 

38.  82 _ 

321.  5  _ sec  optimum 


mol/lOOg  wt  % 


mol/lOOg 


wt  % 


2.  1735  39.  16 

0.  9470  1,  91 

2.  1035  58.  94 


2.  1735  39.  16 

0.  9465  1.  91 

2.  1035  58.  95 


5.  2240 


100.  01 


5.  2235  100.  01  Total 


B-109 


Combustion 

Gases 

H2O 


mol/lOOg 

wt  % 

mol/  lOOg 

wt  % 

2,  4564 

44.  25 

2.  4569 

44.  26 

0. 2562 

0.  52 

0.  2562 

0.  52 

1.  9707 

55.  22 

1.  9707 

55,  22 

0.  0005 

0.  01 

0.  0000 

0,  00 

4.  6838  100.  00  4.  6838  100.  00  Total 


B-110 


Hydrazine-Nitrogen  Tetroxide 


40 _  %  N2H4 

iiJ _  %  N2O4 

_  %  _ 

_  %  _ 


500 _ ( PB  ia) 

3194 _ (°K) 


Combustion 

Gases 

H2O 

P 

e 

6.  67 

P 

e 

0.  83 

(psia) 

1758 

T 

e 

1156 

°K 

f 

9.  86 

( 

45.  93 

I 

sp 

289.  6 

I 

so 

327.  0 

sec  optimum 

mol/lOOg 

2.  4936 

wt  % 

44.  93 

mol/lOOg 
2.  4960 

wt  % 

44.  98 

Hz 

0.  0013 

0.  00 

0.  0000 

0.  00 

OH 

0.  0027 

0.  05 

0.  0000 

0.  00 

02 

0.  0543 

1.  74 

0.  0561 

1.  80 

NO 

0.  0031 

0.  09 

0. 0000 

0,  00 

Nz 

1.  8986 

53.  20 

1.  8998 

53,  23 

4.  4536  100.01 


4.  4520 


100.  01  Total 


B-111 


Hydrazine-Nitrogen  Tetroxide 


41.  667  %  N2H4 

58.  333  %  N2O4 

_  %  _ 

_  %  _ 

_ 500 _ ( ps  ia) 


3204 _ (°K) 


P 

e 

6.  67 

P 

e 

0.  83 

(psia) 

1759 

T 

e 

1153 

°K 

c 

9.  82 

c 

45.  63 

I 

sp 

292.  8 

^sn 

330.  5 

sec  optimum 

CombuBtion 

Gases 

mol/lOOg 

wt  % 

rnol/  lOOg 

wt  % 

H2O 

2.  5353 

45.  69 

2.  5355 

45.  69 

H2 

0. 0648 

0.  13 

0.  0644 

0.  13 

OH 

0.  0004 

0.  01 

0.  0000 

0.  00 

N2 

_ 1.9340 

54.  19 

_ 1...9138. 

54.  19 

4.  5346  100.  02 


4.  5337  100.  01  Total 


B-112 


Hydrazine-Nitrogen  Tetroxide 


Combustion 

Gases 

H2O 


Hz 


-m. 


N2 


43.  478 


56.  522 


% 

% 

% 

% 


N2H4 


500 

/  nfl  1 A  \ 

p 

e _ 

3196. 

6.  67 

(°K) 

P 

e 

0.  83 

1649 

T 

e 

1067 

- (psia) 

°K 

<  _ 

9.  42 

c 

43.  41 

I 

8P - 

293. 0 

I 

sp _ 

329.  3 

_ sec  optimum 

mol/lOOg  wt%  mol/lOOg 

4565  44.  27  2.  4567 

-  0-  2562  0.  52  0.  2562 

— QQ05 _  0.  01  0.  0000 

— 9707  55.  22  1.  9705 


wt  % 
44.  27 
0.  52 
0.  00 
55.  21 


4.  6839  100.  02 


4.  6834 


Total 


B-113 


Hydrazine-Nitrogen  Tetroxide 


m 

45.  455 

%  _ 

N2H4 

54.  545 

% 

N2O4 

%  __ 

% 

500 

(psia) 

3166 

(°K) 

P 

e 

6.  67 

P 

e 

0.  83 

(Dsia) 

T. 

1547 

T 

e 

988 

°K 

c 

9.  13 

c 

41,  62 

292.  2 

I 

so 

327.  4 

sec  optimum 

Combustion 

Gases 

mol/lOOg 

wt  % 

mol/lOOg 

wt  % 

H2O 

2,  3710 

42.  73 

2.  3710 

42.  73 

H2 

0, 4654 

0.  94 

0,  4654 

0.  94 

N2 

■  ■  ■  2.  gi0j__ 

56.  34 

2.  0108 

56,  34 

4,8472  100.01  4,8472  100.01 


Total 


Hydrazine-Nitrogen  Tetroxide 


47.  619 

%  _ 

N2H4 

52.  381 

% 

N2O4 

% 

% 

500 

(psial 

3109 

(°K) 

P 

e 

5.  00 

P 

e 

0.  83 

(psia) 

1361 

T 

e 

912 

°K 

c 

10.  93 

€ 

40.  11 

I 

sp 

296.  6 

I 

so 

324.  8 

sec  optimum 

Combustion 

Gases 

mol/lOOg 

wt  % 

mol/  lOOg 

wt  % 

H2O 

2.  2766 

41.  02 

2.  2771 

41.  03 

^2 

0.  6947 

1.  40 

0.  6947 

1.  40 

N2 

2.  0549 

57.  58 

2.  0549 

57.  58 

5.0262  100.00  5.0267  100.01  Total 


B-  115 


Combustion 

Gases 

H2O 

~H2 
_ OH 


TJ5 


NQ 

N2 


Hydrazine-Nitrogen  Tetroxide 


40 


60 


% 

% 

% 

% 


700 


3224 


9.  33 


e . 

( . 

I 

•P- 


1753 


9.  79 


289.  9 


mol/lOOg 

- 2.4940 

0. 0009 
— 0.  0022 
0.  0543 
0. 0031 
1.  8986 


wt  % 
-44.  94 


0.  00 


JL-JH 


1.  74 


0.  09 


53.  20 


4.  4531 


100.  01 


N2H4 

"N2O4 


.(psia) 

.(°K) 


1.  17 


e. 

I 

r 

»p. 


1153 


.(psia) 

°K 


45.  62 


327,  2 


.sec  optimum 


mol/lOOg 

2.  4960 
0.  0000 


wt  % 
44.  98 


0.  00 


0.  0000 


0.  00 


1.  8998 


“6.  00 


4.  4519 


53.  23 


100.  01 


Total 


B-116 


Hydrazine -Nitrogen  Tetroxide 


_ 41-  %  ^2^4 

-  -5fl.-333 _  %  _N^04 _ 

_  %  _ 

_  %  - 

P 

c _ 2I1D _ (psia) 


'^2'^4 _ (°K) 

P. 


p 

e 

9.  33 

Pe 

1.  17 

(psia) 

1754 

Te 

1150 

°K 

c _ 

_ 2^16 _ 

t _ 

45.34 

293.  2 _  Bp _ 330.  7 _ sec  optimum 


Combustion 

Gases 

H,0 

mol/lOOg 

2.  5353 

wt  % 

45.  69 

mol/lOOg 

2.  5355 

wt  % 

45.  69 

H2 

0.  0648 

0.  13 

0.  0644 

0,  13  . 

OH 

0.  0004 

0.  01 

0.  0000 

00.  00 

_ llz _ 

1. 9340 _ 

54.  19 _ 

L  9318 _ 

_ _ 

4.  5345 


100.  02 


4.  533  7  100.  01  Total 


f 


B-11 


Hydrazine -Nitrogen  Tetroxide 


Combustion 

Gases 

■  ..  .  _ 

_ _ 

_ OH _ 


N7 


P 

e' 


4^.  47S 


N^H 


_  % 

11112 _ 

ZZZi.. 


3u^ 

16i5_ 

Q-  37 
^93.  3 


(psia) 

(°K) 


1.  I? _ (P»ia) 

im _ °K 

13ULJS _ 

329.  5 _ sec  optimum 


mol/lOOg  wt  % 


mol/lOOg  wt  % 


Z^Ahha. 
D.^563 
IkQOfll 
1^  97Q7 


44.  27  A-L.Z1 

Q-  52  ■  .Q.Z5(ii _  _ 

0. 01  Q.  QQQQ  ■  QQ.  QQ 

ss.  22  ■  J.  S.7Q5 _  _ 55.-^l. 


4.6843  JflQu.Q^ 


4.  6834  100.  00  Total 


B-118 


UDMH-Nitro 


7Q>  58S 


p 

e 


f 

I 

ap 


r.  150 

C _ 

■  .g,  QQ.  . _ 

1821 _ 

_ 

ZMJL _ 


Combustion 

Gases 

H^O 

H2 


mol/lOOg 

1.  5864 
0.  3699 
0.  0012 
0.  0004 
1.2564 
0.  4760 
0.  5028 


wt  % 

0.  74 
00.  00 
0.  01 
35.  20 
13,  33 
42.13 


4.  1931 


99.  Q9 


B- 122 


Tetr  oxide 


(psia) 

(°K) 

^e _ 0.  37 _ (psia) 

*^6 _ 1328 _ °K 

€  34.94 _ 

^sp _ 316.  3 _ sec  optimum 


mol/lOOg  wt  % 


1.4858 
0.  4712 

Q,  QQOQ. 
0.  0000 

1.4^61 

0.  3752 
0.  6037 


26.  75 
0,1^ 
00.  00 
00. -QQ 
35.  il 
IQ,  ji- 
26.^7 


4.  1924 


99. 99  Total 


UDMH-Nitro 


Combustion 

Gases 


mol/1  OOg 


wt  % 


(psia) 

°K 

sec  optimum 


mol/ 1  OOg  wt  % 


4.3865  100.00  Total 


UDMH-Nitrogen  Tetroxide 


Combustion 

Gases 

H,0 

_ Hz 

N? 


-CQ 


CO? 


P 

e 


- 15.  714  % 

_ 64. 286  % 

-  % 

- -  % 

_ li£L_ 

_ 2966 

- L_Sfi _ 

_ Ui6fi _ 


- (psia) 

_ (°K) 

P 

e 

T 

e 


<  _ IQ-  ft2 

^sp _ 282.  ^ 


_ 0.  25 _ (psia) 

890 _ °K 

-41.  57 _ 

309.  4 _ .sec  optimum 


mol/lOOg  wt  % 


mol/  lOOg 


wt  % 


1  -  1 74? 

1. 2Q2q 
1. 2^28 
0.  7564 
0.43iq 


.Z1_L5 -  — Q.  9056  -  1 6.  32 

-  -  1.4715  2.  q? 

-  1. 2q28  36.  22 

2i_L2 -  0.  48  78  1 3.  66 

-  0.  7005  30.  S3 


4.  8582 


99.  99 


4.  8582  .  100.  00  Total 


B-125 


Combustion 

Gases  mol/lOOg  wt  %  mol/lOOg  wt  % 


B-1^7 


UDMH-Nitrogen  Tetroxide 


33,  333 _  %  yPMH 

66.  667  %  N2O4 

-  %  _ 

_  %  _ 


Combustion 

Gases 

H^O 

p 

c. 

300 

(psia) 

0.  50 

(osial 

T 

c 

4.  00 

3141 

_(°K) 

P 

e 

1497 

T 

e 

994 

°k 

<  9.  03 

c 

42.  79 

^«p  281.1 

I 

8D 

315.  2 

sec  optimum 

mol/lOOg 

1.  3714 

wt  % 

24.  71 

mol/lOOg 

1. 1296 

wt  % 

20.  35 

Hz 

0.  8467 

1.  71 

1.  0890 

2.  20 

Nz 

1.  2793 

35.  84 

1. 2793 

35.  84 

CO 

0.  6919 

19.  38 

0.  4501 

12.  61 

COz 

0.4174 

18.  37 

0.  6592 

29.  01 

4.  6067  100.  01 


4.  6072  100.  01  Total 


r 


B  129 


UDMH-Nitrogen  Tetroxide 


Combustion 

Gases 


P 

e 


c 

I 

sp 


35^7.14 

64.  286 


_ m± 

_ 3.  O.Q.  _ 

_ Uhh _ 

_ 10.  78 

282.  5 


% 

% 


(psia) 

(°K) 

P 

e_ 

T 

e  _ 


I 

sp 


0.  50 

gss 
..42  ..41 
309.  5 


(psia) 

°K 


sec  optimum 


mol/lOOg 

wt  % 

mol/ lOOg 

wt  % 

1.  1728 

21.  13 

0.  9040  _ 

16.  29 

1. 2039 

2.  43 

1.4729 

2.97  . 

1.  2928 

36.  22 

1.2927 

36.22 

0.  7554 

21.  16 

0.  4863 

13.62 

.  ■  0...432r.  - 

_ 19.  QS _ 

0.  7020 

30.  90 _ 

4.  8578 


99.  99 


4.  8581 


100.  00 


Total 


UDMH-Nitrogen  Tetroxide 


Combustion 

Gases 

H^O 

HI' 

_ H 


OH 


CO 


p 

e 


I 

sp 


27.  778 


_ iMi 

_ b-  67 

_ 

_ in.  21 

2ft^-  _ 


_ 

_ 1442 

3S.  QS 
31Q.  1 


(psia) 

°K 


sec  optimum 


mol/lOOg 

wt  % 

mol/  lOOg 

wt  % 

1.  6351 

29.  46 

1.  5702 

28.  29 

0.  2119 

0.  42 

0.  2782 

0.  56 

0.  0016 

00,  00 

0,  0000 

00.  00 

0,  0012 

0.  03 

0.  0000 

00,  00 

1.  2470 

34.  94 

1. 2470 

34.  94 

0.  3458 

9.  68 

0.  2798 

7.  84 

0,  5787 

25.  47 

0.  6448 

28.  38 

4.  0213 


100.  00 


4.  0200  100.  01  Total 


B  -131 


UDMH-Nitrogen  Tetroxide 


% 


Combustion 

Gases 

HpO _ 


JQQ_ 


COz 


P 

e 


I 

sp 


_ _ % 

_ 68.  750  % 

_  % 

_  % 

_ <^00 

'^c _ _ 

_ LJil _ 

1647 _ 

q-  ^2 _ 

284.  ^ _ 


(psia) 

(°K) 

P_ 


I 

sp 


0-  83 _ (psia) 

llQl _ °K 

44.  3] _ 

q.  7 _ sec  optimum 


mol/lOOg  wt  % 

1.4964  26.  96 

0.  5830  1.17 

1.  2669  35.  50 

0.  5878  16.  46 

-Qx.4.5Zi _  12.  9<? 


mol/lOOg  wt  % 

1.  5085  23.  57 

0.  7711  1.  55 

1.  2668  .  55.  50 

0.  4000  >  11.20 

0.  6400  28.  16 


4. 3864 


qq.  qq  4.  3864  qq.  98  Total 


I 


B-1  33 


t 


UDMH-Nitrogen  Tetroxide 


^,.ZI4 
64.  286 


Combustion 

Gases 

HpO 

_ Hz 

N2 


m 


_ iHd 

_ ms. 

_ 5.  00 

_ 1264 

«  _ 10-  7S 

^ep - 282.  6 _ 


(psia) 

(°K) 

P 

e_ 

T 

e_ 


I 

sp 


0.83 

_ Ml 

41. 32 

■309.  6 


(psia) 


sec  optimum 


mol/lOOg  wt  % 


mol/  lOOg  wt  % 


1-  1723 
1. 2043 
1.  2928 
0.  7550 
0.4338 


21.  12 _  ...  Q.  9030 _  16.  27 

2.  43  1. 4728  2.  97 

i6.-22 _  1. 2926  36.  22 

iiUi _  0.4853  13,  59 

19.  09 _  0.  7029  30.  93 


4.  8582  100.  01 


4.  8566  99.  98  Total 


B-135 


UDMH-Nitrogen  Tetroxide 


Combustion 

Gases 

H,0 

— m - 


-tL 


JXL 


CO? 


P 

e 


I 

sp 


2.1.  778  %  UDMH 

72.  222  %  N2O4 

- 1  %  _ 

-  %  _ 

_ 700 _ ( ps  ia) 

3382 _ (°K) 


9.  33 
1956 
10.  14 
287.  1 


1.  75 
1437 
35.  68 
319.  4 


(psia) 

°K 


sec  optimum 


mol/lOOg 

wt  % 

mol/  lOOg 

wt  % 

1.  6350 

29.  46 

1. 5698 

28.  28 

0.  2127 

0.43 

0.  2795 

0.  56 

0-  QQ12 

00.  00 

0.  0000 

00.  00 

0.  OOOfl 

0.  01 

0.  0000 

00.  00 

...  1.2469 _ 

34.  94 

1. 2473 

34  95 

— _ 

9.  66 

0.  2787 

7.  81 

-  Q.  5790 

_ ZSuM _ 

0.  6458 

_ 28.  42 

4.  0206 


99.  98 


4.  0211  100.  02  Total 


B-136 


UDMH-Nitrogen  Tetroxide 


_ 2q.  412  %  UDMH 

_ 70.  588  %  N2O4 

_  %  _ _ _ 

_  %  _ 

P 

c _ 2110 _ (ps  ia) 


_ mo _ (°K) 


Combustion 

Gases 

H,0 

P 

e 

_ a- 

P 

e 

1.  17 

(psia) 

_ ms_ 

T 

e 

1211 

°K 

c 

_ a- 

JiL. 

c 

46.  15 

I 

sp 

286. 

A— 

I 

so 

323.  1 

sec  optimum 

mol/lOOg 

1.  5836 

wt  % 

28.  53 

mol/ lOOg 
1. 4464 

wt  % 

26.  06 

Hz 

0.  3736 

0.  75 

0.  5106 

1,  03 

0.  0004 

00.  00 

0.  0000 

00.  00 

_ N2 

1.  2566 

35.  21 

1. 2565 

35.  21 

_ CO _ 

0.  4730 

13.  25 

0.  3358 

q.  40 

CO  2 

0.  5061 

22.  27 

0.  6431 

28.  30 

i..l933 


IQQ.  Ql 


4.  19Z4  100.  00  Total 


UDMH -Nitrogen  Tetroxide 


P 

e 


I 

sp 


31.  250  % 

68.  750  % 

_  % 

_  % 

c _ 7M... 

c  3302 

■ 33 _ 

■-J.M4 _ 

.  .9..  28 _ 

284.  5 _ 


(peia) 

{°K) 

P 


T 

e 


I 

sp 


1.17 _ ( ps  ia) 

1099 _ °K 

44.  IQ _ 

31 Q.  8 _ sec  optimum 


Combustion 

Gases 

H,0 

— - 

- - 


mol/lOOg 


.L.49d0 


1.  2669 
Q.  5869 
Q.  4527, 


wt  % 

26>95 

16.  44 
35.  5Q 
19.  92 


mol/lOOg 

wt  % 

1.3072 

23.  55 

0.  7720  . 

1.  56 

1.  2668 

35.  50 

0.  3987 

11.17 

Q.  6413 _ 

28.  22 _ 

4. 3863 


99.  99 


4.3860  100.00  Total 


B-138 


UDMH-Nitrogen  Tetroxide 


Combustion 

Gases 

H,0 

- 

- 


- _  %  UDMH 

_ 66.667  %  N2O4 

_  %  _ 

- -  %  _ 

- 700 _ (psia) 


p 

e 

_ 9.  33 

P 

e 

1.  17 

( Dsial 

_ 1492 

T 

e 

991 

°K 

€ 

_ 8.  96 

€ 

42.  49 

I 

sp 

281.  4 

I 

sp 

315.  4 

mol/lOOg 

wt  % 

mol/lOOg 

• 

wt  % 

-  1.  3700 

24.  68 

1. 1268 

20.  30 

0.  8481 

1.  71 

1.  0913 

2.  20 

-  1.  2793 

35.  84 

1. 2793 

35.  84 

-  0.  6905 

19.  34 

0.  4473 

12.  53 

— Q.  4183 

18.41 

0-  6615 

29.  11 

4.  6062 


99.  98 


4.  6062  99.  98  Total 


B-1  39 


Hydrazine  -UDMH-Nitrogen  Tetroxide 


Combustion 

Gases 

H^O 

•~^2 - 

H 


"S; 


NO 


P 

e 


I 

sp 


c _ L5il 

■  i.  QQ 

2059 

_ IQ.  98 _ 

■■^5.-5 _ 


0,^  UDMH-N;,H4(50/50) 

%  ^204 

%  _ 

%  _ 

- (psia) 

_ (°K) 

_ QUl 

’^e _ 1562 

< _ 

^«P _ 2ZQ.4.. 


(psia) 

°K 


sec  optimum 


mol/lOOg  wt  % 


mol/lOOg 


wt  % 


1.  9632 
0.  0446 
0.  0028 
0.  0113 
0.  0113 
0.  0008 
1.4929 
0.  0526 
0.  4674 
0.  0028 


35.  37 
0.  09 
00.  00 
0.  19 
0.  36 
0.  01 
41.83 

'  1:47 

20.  57 
0.  08 


1. 9766 
0.  0383 
0.  0000 
0.  0000 
0.  0000 
0.  0000 
1. 4946 
0.  0282 
0.  4916 


35.  61 
0.  08 
00,  00 
00.  00 
00.  00 
00.  00 
41. 88 
0.  79 
21. 64 


4^0497  .  -  _ 99...9.7 


■4.  0293 


100.  00  Total 


B-142 


Hydrazine -UDMH -Nitrogen  Tetroxide 


P 

e 


I 

sp 


33.  ??? _  % 

66. 667  % 

_  % 

_ ^ _  % 

150 

c _ 3164 

2.  00 _ 

1900 _ 

1Q33 _ 

287.  8 _ i_ 


UDMH-N,Hj50/50) 
•  ^  ^ 


(psia) 

(°K) 

_ 0.  37 

_ uai 

* _ 36.  U 

^Bp _ 320.6 


(paia) 

°K 


sec  optimum 


Combustion 

Gases 


ii _ 

if: 


mol/lOOg 
1.  9545 


_£L 

1932 

_JL 

0021 

0. 

0013 

5220 

0. 

1674 

.3.872 _ 

wt  % 

35.  21 
JLJ9 
00.00 
0.,  02 
42.  65 
.■.4.J62. 
1  7.  04 


mol/  lOOg 


wt  % 


1. Q0Q2 

O.  2400 

P. QQOQ 
0.  QOQO 
1.5217 

Q.  1204 

0.  4340 


34.40 
0.48 
00.  00 


42.  64 
3.  37 
19.  10 


4.  2277 


100.  00 


4.  2253 


99.  99  Total 


I 


B-143 


I 


Hydrazine  -UDMH-Nitrogen  Tetroxide 


Combustion 

Gases 

HzQ 

Hz 

•  '  ' 


J5.  7H 


■ii,  2g6 


% 

% 

% 

% 


3145 


2.  00 


1712 


UDMH-N,H.(50/50) 

'■^2e4- 


.(psia) 

.(°K) 


0.  25 


1136 


I 

sp 


„aj?Q. 

ia-7,..6  _ 


I 

sp 


45.  70 
324.  4 


(psia) 

.°K 


sec  optimum 


mol/lOOg  wt  % 


mol/ 1  OOg  wt  % 


0.  4281 
1.  5527 
0.  2684 
0.  3258 


0.  86 


43.  51 


7.  52 


H...34 


1. 7646 
0.  5385 
1. 5532 
0.  1584 
0.  4357 


yLJ3. 
1.  08 
43.  52 
4.  44 
19.  17 


4. 4495 


100.  00 


4.  4504  100.00  Total 


( 


B-144 


Hydrazine  -UOMH-Nitrogen  Tetroxide 


40.00  %  UDMH-N^H^iSO/SO) 

60!  00  %  ~TT264 

_  %  _ 

_  %  _ 


150 


3033 


.(psia) 


p 

e 

2.  00 

P 

e 

0.  25 

(osi 

1441 

T 

e 

941 

°K 

< 

_ 8.99 

c 

41. 90 

I 

sp 

283.  9 

I 

so 

317.  9 

sec 

Combustion 

Gases 

mol/lOOg 

wt  % 

mol/  lOOg 

wt  % 

H^O 

1.6599 

29.  90 

1.  4731 

26.  54 

Hz 

0.  9193 

1.  85 

1.  1056 

2.  23 

NZ 

1. 6090 

45.  08 

1. 6090 

45.  08 

_ Qo _ 

0. 3829 

10,  72 

0.  1961 

5.  49 

COz 

0.  2825 

_ 

12.  44 

0. 4693 

20.  66 

sec  optimum 


99.  99  4.  8531  100.  00  Total 


B-145 


Hydrazine  -UDMH- 


Combustion 

Gases  mol/lOOg  wt  % 


3.  9959 


100.  01 


en  Tetroxide 


UDMH-N,H.(50/50) 


(psia) 

(°K) 

_ £LJi 

_ L5M, 

€ _ 1^.02 

^ap  319.2 


(psia) 


sec  optimum 


mol/lOOg 


wt  % 


1.  9521 
ILJlim 
0.  noon 

Q.M12. 
lumi. 
n.  nooQ 

0.  QQ12 

i.iaLa 
Q.  QQM 
Q.  5.Q36. 


3S.  1  7 

HILJIII 
QQ.  00 
0.  02 
1.  QI 
00.  00 
0-  03 
4I.-5l2. 
.■0..01. 
1Z..1L 


3.  9748 


99.  98 


Total 


Hydrazine  -UDMH-Nitrogen  Tetroxide 


%  31.2^0  %  UDMH^^(50/50) 

68.  750  %  ~ 

_ % _ 

_ % _ 


Combustion 

Gases 

H^O 

T 

P 

e 

C 

4.  00 

3232 

_ {°K) 

P 

e 

0.  75 

(psial 

2059 

T 

e 

1546 

°K 

« 

10.  84 

c 

38.  59 

Isp 

286.  8 

I 

sp 

321. 4 

sec  optimum 

mol/lOOg 

1, 9699 

wt  % 

35.  49 

mol/  lOOg 
1.  9766 

wt  % 

35.  61 

H2 

0,  0396 

0.  08 

0.  0383 

0.  08 

H 

0. 0020 

00.  00 

0.  0000 

00,  00 

OH 

0.  0085 

0.  14 

0.  0000 

00.  00 

62 

0,  0073 

0.  23 

0.  0000 

00.  00 

0 

0,  0004 

00.  00 

0.  0000 

00.  00 

N2 

1. 4932 

41.  84 

1. 4946 

41. 88 

CO 

0.  0473 

1.  32 

0.  0282 

0.  79 

C02 

0,  4727 

20.  80 

0.  4916 

21.  64 

_ NO _ 

_  0.-Q.Q^4 _ 

p.  gpop  - 

PP.  PP _ 

4. 04Q9 


A.  QZ.93  —  100.  QQ  .  Total 


1» 


B-147 


Hydrazine  -UDMH-Nitrogen  Tetroxide 


Combustion 

Gases 

HpO 

ftl 

H _ 


33.  333  % 

66.  667  % 

_  % 

^ _  % 

'c _ 300 

c _ 3237 

4-00 _ 

1887 _ 

IQ.  U _ 

_ 


UDMH-N,H.(50/50) 

T^qrzz: 


(psia) 

(°K) 

_ 0.  75 

’^e _ 1375 

€  35.  50 

^ap  321.2 


(psia) 

°K 


sec  optimum 


mol/lOOg 

wt  % 

mol/  lOOg 

wt  % 

1.  9541 

35.  20 

1.9075  . 

34.  36 

0.  1940 

0.  39 

0.  241  7 

0.  49 

0.  0013 

00.  00 

0.0000 

00.  00 

0.  0008 

0.  01 

0. 0000 

00.  00 

1.  5217 

42.  64 

1.  5217 

42.  64 

0.  1665 

4.  66 

0.  1192 

3.  34 

0.  3880 

17.  08 

0.  4357 

19.  17 

4.  2264 


3ir-i8 


4.  2258  100.  00  Total 


B-148 


Hydrazine  -UDMH-Nitrogen  Tetroxide 


Combustion 

Gases  mol/lOOg  wt  %  mol/lOOg  wt  % 


4.  4500  100.  04  4.  4504  100.  02  Total 


1 


B-149 


I 


Hydrazine -UDMH-Nitrogen  Tetroxide 


30.303  %  UDMH-N204(50/50) 

69.697  %  N2O4 _ 

_  %  _ 

_  %  _ 

_ 500 _ (psia) 


Combustion 

Gases 

H2O 

p 

e 

T 

c 

6.  67 

3275 

_ (°K) 

P 

e 

1.  25 

(psia) 

T. 

2054 

T 

e 

1552 

°K 

c 

10.  75 

c 

38.  52 

I 

sp 

285.  6 

I 

sp 

319.9 

sec  optimum 

mol/lOOg 

1.9359 

wt  % 

34.  88 

mol/  lOOg 
1.9524 

wt  % 

35.  17 

_ H2 

0. 0120 

0.  02 

0.  0008 

00.  00 

H 

0. 0008 

00.  00 

0. 0000 

00.  00 

OH 

0, 0112 

0. 19 

0. 0012 

0.  02 

02 

0. 0415 

1.  33 

0. 0334 

1.07 

0 

0. 0008 

0.  01 

0. 0000 

00.  00 

NO 

0. 0056 

0.  17 

0. 0012 

0.  03 

_ NZ 

1.4796 

41.46 

1.4818 

41. 52 

CO 

0. 0152 

0.42 

0. 0004 

0.01 

CGi 

0. 4890 

21.  52 

0.5036 

22.  16 

3.  9916 


100. 00 


3.9748  99.98  Total 


B-151 


Hydrazine  -UDMH-Nitrogen  Tetroxide 


31.250  UDMH-N2H4(50/50) 

68.750  %  ^204 

_  %  _ 

_ •_  %  _ 

p 

c _ 5QQ _ (ps  ia) 

3285 _ (°K) 


Combustion 

Gases 

H2O 

P 

e 

6.67 

1.25 

(Dsia) 

2056 

1534 

°K 

c 

1072 

*  3804 

I 

sp 

287.7 

^sD  322.  1 

sec  optimum 

mol/lOOg 

1.9738 

wt  % 

35.  56 

mol/lOOg 

1.9766 

wt  % 

35.  61 

6. 6i68 

57157 

0.  0383 

0.  08 

H 

0. 0012 

Oo.  00 

0  0000 

00.00 — 

OH 

0.0069 

57TI 

0. 0000 

Oo.  00 

O2 

0. 0048 

0.  15 

0. 0000 

00.00 - 

0 

0.0004 

00.  00 

0. 0000 

00.00 

N2 

1.4935 

41.85 

1.4946 

41.88 

CO 

0. 0440 

1.23 

0.  0282 

0.79 

CC2 

0.4759 

20.94 

0.4916 

21.  64 

NO 

0. 0020 

oTo^ 

0.  0000 

00.  00 

4. 0393 


99.98 


4. 0293  100. 00  Total 


B-152. 


Hydrazine  ^UDMH-Nitrogen  Tetroxide 


Combustion 

Gases 

H2O 

_ Ez _ 

_ H _ 

_ QH _ 

-NL-- 

co 

- C02~~ 


P 

e 


33.333  %  UDMH-N2H4(50/50) 

_ I 


_  % 

^c_ _ 5.QQ 

3290 

6.67 

1878 


(psia) 

{°K) 


T 

e 


1367 


I 

sp 


10.  05 
289.4 


I 

sp 


35.  09 
321, 7 


(psia) 

°K 


sec  optimum 


mol/lOOg  wt  % 


mol/lOOg 


wt  % 


Ll£4il 

0.  1948 


fl.jjftOa 


0. 1657 


(!).  3688 


35.20 
0.  39 
00.00 

4.  64 

TTTTT 


1.9075 
0.  2417 
0. 0000 

w 

0. 1192 

0.43'5T 


34,36 

0.49 

.Qojaii 

IrlJ 

3.  34 

TTrr 


4. 2275  100. 01 


4. 2258 


100.  00  Total 


Hydrazine -UDMH-Nitrogen  Tetroxide 


35.714  %  UDMH-N2H4(50/50) 

64.  286  N2O4 _ 

_  %  _ 

_  %  _ 


J-* 

c. 

■■  5.flQ _ 

(psia) 

T 

c 

3261 

(°K) 

6.  67 

P 

e 

0.83 

(psia) 

1696 

T 

e 

1125 

°K 

9.48 

€ 

44.  71 

288.  7 

I 

sp _ 

325.  1 

_ sec  optimum 

Combustion 


Gases 

HzO 

mol/lOOg 

1.8727 

wt  % 

33.74 

mol/ lOOg 

1. 7615 

wt  % 

31.  74 

H2 

0.4299 

0.  87 

0.  5416 

1.  09 

N2 

1.5532 

43.52 

1.  5532 

43.52 

CO 

0. 2666 

7.47 

0. 1553 

4.  35 

C02 

0. 3275 

14.41 

0.  4392 

19.  33 

4.449q 


±AhSlB. 


IQO.  03  Total 


B-154 


! 


« 

Hydrazine -UDMH-Nitrogen  Tetroxide 


40.00 _  %  UDMH-N2H4(50/50) 

60.  00  %  ^204 


_  %  _ 

_  %  _ 

500 _ ( ps  ia) 


Combustion 

Gases 

_ HZO 

p 

e 

T 

c 

5.  00 

3113 

_ (°K) 

P 

e 

0.83 

(psia) 

1353 

T 

e 

937 

°K 

c 

10.  95 

c 

41.46 

I 

sp 

290.2 

I 

so 

318.2 

sec  optimum 

mol/lOOg 
1.  6381 

wt  % 

29.  51 

mol/lOOg 

1.4706 

wt  % 

26.  49 

_ _ 

0.9411 

1.90 

1.  1081 

2.  23 

_ N2_. 

1.  6090 

45.  08 

1. 6090 

45.  08 

CO 

0.  3611 

10.  11 

0. 1936 

5.  42 

cUi 

0,  3043 

13.40 

0. 4718 

20,  77 

4. 8536 


100. 00 


4.  8531  99. 99  Total 


B-155 


Hydrazine -UDMH-Nitrogen  Tetroxide 


P 

e 


I 

sp 


30.303  %  UDMH-N2H4(50/50) 

69.697  (ji-  N2b4  ~ 

_ % _ 

_ % _ 


c _ m 

'c _ 3310 

9.  33 _ 

2052 _ 

10. 67 _ 

286.  2 


(psia) 

{°K) 

P 

e_ 

T 

e 


I 

ap 


1.  75 
1545 
38.  16 
320.  3 


(psia) 

°K 


sec  optimum 


Combustion 


Gases 

mol/lOOg 

wt  % 

mol/  lOOg 

wt  % 

H?.0 

1.9383 

34.92 

1.9524 

35.  17 

H2 

0.0104 

0.  02 

0. 0008 

00.  00 

H 

0. 0004 

00.  00 

0.0000 

00.  00 

OH 

0. 0104 

0.  18 

0. 0012 

0.  02 

02 

0.  0400 

1.  28 

0. 0334 

1.  07 

O 

C. 00 

00.  00 

0. 0000 

00.  00 

NO 

0.  0056 

0.  17 

0. 0012 

0.  03 

N;> 

1.4796 

41.46 

1. 4818 

41.52 

CO 

0.  0128 

0.36 

0. 0004 

0.  01 

C02 

0.4914 

21.63 

0. 5036 

22.  16 

3.9893 


100.02 


3.9748 


99.98  Total 


B-156 


Hydrazine -UDMH-Nitrogen  Tetroxide 


I 


\ 


Combustion 

Gases 

H2O 

_ UZ _ 

H 

OH 

_ Oi__ 

NO 

Nz 

CO 

C02 


p 

e 


I 

sp 


31.250  <7^  UDMH-N?.H4(50/50) 

68.750  %  N7O4 

_  %  _ 

_  %  _ 


P 

c _ 

T 

c _ 

9.  33 
2053 
10.65 
288.4 


700 

3320 


(psia) 

(°K) 

P 

e 

T 

e_ 


I 

sp 


1.  75 
1527 
37.  69 
322.  5 


(psia) 

°K 


sec  optimum 


mol/lOOg  wt  % 


mol/  lOOg 


wt  % 


■1.9?ii0 
0. 0355 
0. 0012 
0. 0056 
0. 0036 
0. 0016 
1.  4938 
0. 0424 
0.4776 


35.60 
0.  07 
00.  00 
0. 09 
0.  12 
0.05 
41.  86 
1.  19 
21.  02 


1.9766 
0. 0383 
0. 0000 
0. 0000 
0. 0000 
0. 0000 
1.4946 
0. 0282 
0.4916 


35^1 
0.  08 
00.  00 
00.  00 
00.  00 
00.  00 
41.  88 
0.79 
21. 64 


4. 0373 


100. 00 


4. 0293 


100. 00  Total 


B-15? 


Hydrazine -UDMH-Nitrogen  Tetroxide 


P 

e 


33.333  %  UDMH-N2H4(50/50) 

_ tLJilil %  N2O4 

_  %  _ 

_  %  _ _ _ 

_ 700 _ (psia) 

_ mi _ (°K) 

S.33 _ 

1872 _  '^e 


1.  75 _ (psia) 

1362 _ °K 


289.9 


€ _ 34.  83 

^ap  322.  0 


sec  optimum 


Combustion 

Gases  mol/lOOg 


wt  % 


mol/  lOOg 


wt  % 


H2O 

H2_ 


JtL 


jQiL. 


N2 


0.  1948 
OxQfloa 
(LQflfli 
imia 
tLjaai 
..(Ljaaa 


0.39 

.Q(LC>D 

■Q(LQ.g 

42.67 

17.  11 


1.9075 
0. 2417 
,Q.-QQflJD. 
Q.QOOQ 
1.5217 

■Qum. 

0.  4357. 


■g.iS 

QlLflQ 

jmM 

4^.64 

19.  17 


4. 2275 


100.01 


4, 2258 


100.  00  Total 


B-158 


Hydrazine  -UDMH-Nitrogen  Tetroxide 


Combustion 

Gases 


H2O 

H2_ 

N? 


CO 


P 

e 


c 

I 

sp 


35.714  UDMH-N2H4(50/50) 

_  %  N2O4 

_  %  _ 

_  %  _ 


c _ Ifia 

C _ 3292 

9.  33 _ 

1692 _ 

9.43 _ 

289. 0 _ 


(psia) 

(°K) 


I 

sp 


1.  17 
1123 
44.  48 
325,  2 


(psia) 

°K 


sec  optimum 


mol/lOOg 

1.  8723 

wt  % 

33.  73 

mol/lOOg 

1. 7606 

wt  % 

31.  72 

0.4308 

0,  87 

0. 5425 

1.  09 

1.  5532 

43.  52 

1.5532 

43.  si. 

0.  2661 

7.45 

0. 1544 

4.  32 

_ 0. 3280 _ 

14.  44 _ 

_ 0.4397 _ 

_ 19. 35 _ 

4.4504  100.01 


4.4504 


100.00  Total 


B-159 


Combustion 

Gases 

H2O 

H2 

N2 

— iir- 


Hydrazine -UDMH-Nitrogen  Tetroxide 


e . 

<  . 

I 

sp. 


40.00 


60.00 


%  UDyH-N2H4(50/50) 

%  ^204 

%  _ 

%  _ 


700 


3132 


7.00 


1352 


10.92 


290.3 


.(psia) 

.(°K) 


e. 

c 

I 

sp. 


1.  17 


41.  37 


318.  2 


.(psia) 

°K 


sec  optimum 


mol/lOOg 


wt  % 


mol/  lOOg  wt  % 


1.6381 

0.9411 

1.6090 

0.3611 

0.3048 


29.51  1.4701  26.48 

1.90  1.  1086  2.  23 

45. 08  1. 6090  .  45. 08 

10.  11  0.  1932  5.41 

13.42  0.4722  20. 79 


4.  8541 


100. 02 


4. 8531  99. 99  Total 


B-  160 


PERFORMANCE  -  MISCELLANEOUS  SYSTEMS 


Hydrazine -Fluorine 
Shifting  Equilibrium 
=  150 


1 

0^ 

nj 

CO 

r— 

r- 

CO 

CO 

CO 

00 

rg 

w 

in 

'O 

CM 

00 

vO 

CO 

(M 

fSl 

in 

cO* 

CM 

o’ 

o’ 

o’ 

d 

o’ 

o 

■ 

nO 

■ 

in 

• 

IHH 

If 

■ 

o 

o 

rsj 

<M 

oo 

O' 

CO 

fH 

vO 

II 

g 

CJ' 

ro 

I** 

vO’ 

oo’ 

CO 

O' 

r-* 

CM* 

'O 

(M* 

in 

>o 

00 

O' 

O' 

o 

fH 

fH 

CM 

<M 

1^ 

V. 

<VJ 

1 

m 

CO 

CO 

CO 

CO 

CO 

If* 

If 

If 

■^ 

I 

O' 

00 

nO 

r- 

o 

O' 

o 

o 

r- 

O 

CO 

CO 

o 

'O 

00 

vO 

Tf 

CO 

fM 

IM* 

in 

CO* 

CM 

p^ 

o 

d 

d 

d 

d 

■ 

if 

<M 

■ 

vO 

rsi 

■ 

O 

■ 
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Shifting  Equilifarium 
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C-14 


830  0.8^6  0,807  0.780 


Hydrogen-  Fluorine 

Shifting  Equilibriurn 
=  100 


.60  2.49  2.45  2.38  2.33 


.  31 


C-18 


0.581  0,580  0.576  0.570  0.562 


Methyl  Hydrazine-SFNA 


.349  0.349  0.347  0.343  0.338 


Methyl  Hydrazine -N2O4 
Shifting  Equilibrium 


C-21 


GAS  COMPOSTION-MISCELLANEOUS  SYSTEMS 


Aluminum  -  Ammonium  Perchlorate  -  PBAA 
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Combustion 

Gases 


H2O 

HZ_ 


H _ 

HCl 


CO _ 

CO? 

AlpO^d.s) 


e 


66 _  %  NH4CIO4 

18  %  A1 _ 

16 _  %  PBAA  Binder 

_  %  _ 

_ 700 _ (psia) 

_ 3168 _ (°K) 

_ 8.  75 

_ 1735 

10.  69 
263.  8 


1.  75 

1293 

35.  94 
292.  3 


(psia) 

°K 


Sec  optimum 


mol/lOOg  wt  % 


mol/lOOg  wt  % 


0. 1740 
1. 5353 
0. 0000 
0.  5616 
0.  2953 
1. 1844 

0. 2965 


3.  13 
3.  10 
00.  00 
20.  48 
8.  27 
33.  18 

■■1.60 

30.  22 


0.  1491 
1. 5605 
0. 0000 
0. 5616 
0. 2953 
1. 1594 

Q.  0608 

0. 2965 


2.  69 


3.  14 
00,  00 
20.48 
8.  27 
32.  47 


2.67 


30.  22 


4. 0843 


99.  98 


4.0832  99.95  Total 


D-1 


Aluminum  -  Ammonium  Perchlorate  -  PBAA 


74 _  %  NH4CIO4 

H _  %  A1 _ 

_  %  _ 

_ ^  00 _ ( ps  ia) 


3357 _ (°K) 
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H7O 

P 

e 

8.  75 

P 

e 

2.  33 

(psia) 

T. 

I9I8 

T 

e 
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°K 

c 

10.99 

€ 

30.  07 

I 

sp 

264.  5 

^80  289.5 

sec  optimum 

mol/lOOg 
0.  7914 

wt  % 

14.  26 

mol/  lOOg 
0. 7423 

wt  % 

13.  37 

Hz 

0. 8274 

1.  67 

•  0.8772 

1.  77 

H 

0. 0019 

00.  00 

0. 0000 

00.  00 

HCl 

0.6287 

22.93 

0.6295 

22.96 

NZ 

0. 3261 

9.  15 

0. 3264 

9.  14 

CO 

0.  7812 

21.  88 

0. 7318 

20.  50 

COz 

0. 1683 

7.41 

0. 2177 

9.  58 

A1z03{8,1^ 

,  0.2223 

22.66 _ 

_ Q.2222 

22.  6.5 _ 

3. 7473 


99.96 


3.7471  99.97  Total 


Aluminum  -  Ammonium  Perchlorate  -  PBAA 


74 _  %  NH4CIO4 

_  %  M _ 

Jifl _ %  EBAA-Bindfex 


^00 _ ( ps  ia) 

ZaiS _ {°K) 


Combustion 

Gases 

H2O 

P 

8.75 

P 

e 

1.75 
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1423 

T 

e 
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°K 

< 

9.  84 

c 

33.  05 

I 

an 

254.  5 

I 

sp 

280.  0 

sec  optimum 

mol/lOOg 
0. 6803 

wt  % 

12.  26 

mol/lOOg 

0.5366 

wt  % 

9.67 

- 

1. 1321 

2.28 

1. 2757 

2.  57 

HCl 

0. 6298 

22.  97 

0. ^298 

22,  97 

N2 

0. 3296 

9.  24 

0.  3296 

9.  24 

CO 

0.9735 

27.  27 

0,8298 

23.  24 

C02 

0. 2472 

10.  88 

0.  3909 

17.  20 

Al203(8, 1; 

_ Q.  1482- 

■15.  11 _ 

0. 1482 

_  _ 

15.  11 _ 

4.1407  100.01  4.140b  100. 00  Total 


D-3 


Aluminum  "  Ammonium  Perchlorate  -  PBAA 


70 _  %  NH4C10  4 

22 _  %  A1 _ 

08 _  %  PBAA  Binder 

_ %  _ 

_ ?0Q _ (psia) 

2595 _ (°K) 


Combustion 

Gases 

HzO 

P 

e 

8.75 

P 
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1149 
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°K 
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9.32 
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'-P 
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^80  268.  3 
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0.  3276 
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0. 2135 

wt  % 
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H2 

1. 6257 

3.  28 

1.  6741 

3.  37 

HCl 

0. 5957 

21.  72 

0.5958 

21.  73 

N?. 

0.  3158 

8.85 

0.  3156 

8.  84 

CO 

1.  2828 

35.93 

1.  1028 

30.89 

CO2 

0. 2091 

9.20 

0. 3560 

15.  67 

0.  0004 

oToI 

0. 0333 

03 

AI2O31  a,  1) 

0. 1482 

15.  li 

0. 1483 

15.  12 

4.  5053  100.00  4.4394  100.  00  Total 
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Aluminum  -  Ammonium  Perchlorate  -  PBAA 
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HCl 

TTF" 


_ 

Al203(s.T7 
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11 
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1571 
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1. 3782 
0. 5959 
0.  3126 
1.0348 
0. 1859 
0.2225 


6.89 
2.  78 
21.73 
8.76 
2fi^ 
8.  18 
22.  68 


4.  1128  100.  01 
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